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INTRODUCTION 
Uogf ooruume almost half of the total corn produced in the United 
States,^ and more than half of that ^ rown in the Corn Belt, In addition 
to being tho ciiief oublot for com in the oommercial production area, 
hogs also provide a large part of the flexibility of the livestock system. 
Because of tho short production oyole, x;he number of hogs o«.n be varied 
muoh faster than tho number of beef cattle or dairy cows. In comparison 
Tfith chi'^kens, reasonably efficient production can be obtained with less 
specialised equipment* less labor, and a snKiller proportion of feed 
supplements that are not produced on i:h» farm. 
The feed and p;ain of pigs after weaning have been repeatedly investi­
gated and are nrobahly esta>)li sho'' r'thin narrower limits than th® compar­
able fif^ures for any other class oi' liveetook. The feed and gain of the 
breeding herd, however, have been much less thoroughly investigated, so 
that the total feed cost of pork is not as adequately established* 
Slaughter tests showing the composition of the oaroasses of hogs of 
different marketing weights have just been published (1943) but have 3ot 
been used in oonneotion with feed consumption to determine the feed costs 
of pork and lard. 
The increased food needs of war caused an expansion of all livestock. 
An increase in both number of ho;f,s and in marketing weights along with 
^Jennings, R*D,, Feed Consumption by Livestook 1910-41* Dept, 
Agr, Clro. 670, p, 21. 1945, 
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expansion of beef oattle, dairy oow«, and ohlokens reduced the feed supply 
to the point that reduotiona in livestook were neoessary. To maximiee 
food production from limited feed supplies the relationship between feed 
oonsumpticm and edible pork and lard production for hogs of different narket 
weights is needed in order to change hog nvrabers and marketing weights in 
the right proportions. In order to get hogs marketed at any determined 
weighty the prices for hogs of different weights must be adjusted so as to 
induce the desired shift in imrketing weight* While the optimum marketing 
weight for hogs from the standpoint of public policy depends upon changing 
nutritional (and psychological) needs, the basic data for determining 
optimum marketing weights for alternative nutritional assumptions are 
needed* Any decision on the range of marketing weights to be encouraged 
would be put into effect by a system of discounts and premiums for different 
marketing weights and by appropriate seasonal differentials. As changes in 
marketing weights oan be made rather easily by the farmer, detailed infor­
mation on the effect of seasonal price changes and of weight discounts on 
the alternatives available to the farmer is essential to the operation of 
any price policy. 
The general aim of this study Is to determine the basic relationship 
between feed consumption and pork production with emphasis upon the effect 
of changes in marketing weight. There are three specific objectivesi 
1* To determine the procedure for figuring the most profitable 
marketing weight from the farmer's standpoint* 
To determine the influeno* of changes In marketing weight 
upon the efflolenoy of feed oonversion into pork (live weight)* 
To determine the influenae of shifts in slaughter weight 
upon the proportions of pork and of lard yield and to figure 
the feed oosts of changes in these proportions* 
RBVIBir OF UTBRATORB 
The relatlonahip betaroan feed oonaumptlon and live-HBight gain of 
hogs after weaning has been studied intensively for several deoades. In 
1898« Henry, in the first edition of Feeds and Flaedlng> siunmariied several 
hundred hog feeding experiments on dosens of rations ranging from artlohokei 
to droppings from oorn-fed steers. Periodio trials have shown the extent 
of feeding and breeding advances in reoent years. 
Case and Ross in a remarkably subtle analysis oompared 'ttie differenoe 
in oost and in returns from marketing hogs at 200 and at 350 potmds for 
1921-25 prioes.^ Despite the wide range in marketing weights oompared* 
their prooedure oontainad all the elements of the marginal oost and marginal 
returns analysis. 
A series of farm management studies baaed on oost routes and farm 
reoords, together with new experiments, between 1920 and 19S0 (shown below) 
established that between 460 and 500 pounds of oonoentrates were required 
per 100 pounds of pork (live vreight) marketed. Annual summaries of Farm 
Business Association reoorda in Iowa, Illinois, and Uinnesota show a gradual 
deoline in the feed requirements per 100 pounds gain in live weight during 
the past deoade. Jennings, in hia comprehensive survey of feed utilization 
estimated that 44S pounds of oonoentrates were fed per 100 pounds of live 
weight produced in 1929«3S and 424 pounds in 1936-40*^ These investigations 
Case, H. C. U« and Hoss, Robert C. The Plaoe of Hog Produotion in 
Corn-Belt Farming. 111. Agr. Sxpt. Sta. Bui. SOI, 1927. 
^n.S.O.A. Giro. No. 670* 
did not include slaughter tests to determine dressing percentages and 
composition of the hogs, 
Aincnf, the best known experiments on the feed cost after weaning are 
those of Robison at Ohio 25 years ago,^ Carefully selected barrows were 
hand-fed a full feed in dry lots and slaughtered at various weights to 
detemine dressing percentages. In the first of the three trials, "To 
shorten the time of the experiment as much as possible, until a weight of 
400 pounds was reached, the poorest-gaining pigs were slaughtered each 
time»"^ This selection apparently was repeated in tlie second trial, but 
not in the third ("Care was taken to select representative pigs."®) 
These trials shov/ more efficient gains in the upper weight ranges than 
the experiments sh.own below, 
A 
Ilogan and others at Missouri combined feeding experiments with 
slaughter tests to show that as the marketing weight is increased (l) hogs 
become more efficient in conversion of energy, and (2) gains in protein 
become more costly while gains in fat become less expensive (both in terms 
of feed). These results, based upon the slaughter of one bacon type and 
one lard type hog at five marketing weights, show considerable variation, 
^Ohio Agr. Expt. Sta. Bui, 335, 1919, The experiments were actually 
begun from birth with the feed to the sow allocated to the pigs. Tlie 
gain of the sow was not reported, 
^Ibid, p, 550, 
®Ibid, p, 567, 
^Missouri iigr. Kxpt. Sta, Bui, 73, 1925* 
but the fluotuatlon is within the range of the dat* here reported. In 
reference to tho cost of protein independent of fat and vioe versa they 
says '*It is probably unneoessary to add that ne have not attempted to 
calculate separately the feed required for protein or fat formBtion#"^ 
A method of ctotaining separately the feed required for protein and fat 
formation and of deriving from this the marginal feed cost of pork and of 
lard is available and is applied in this study, 3videnoe is offered to 
show that the method yields valid results and that in practice pork and 
lard production can each be altered independently of the other. 
In order to facilitate comparison, previous investigations related to 
the several sections of this report are placed adjacent to the results 
reported here. Tlius other determinations of feed after weaning are sumna-
rized in that particular section, and likewise for breeding herd data, eto. 
hbid. p. 21 
SOURCE OP DATA AMD PROCEDORB POLIiOWED 
The general procedure followed and the data used fall into three 
parte oorreapondiag to the three major aeotions of the thesis. 
!• The feed and gain of pigs after weaning is based on three 
published and nine unpublished experiments, six from Iowa, two eaoh from 
Illinois and Ohio, and one eaoh from Purdue and Missouri. In these 
experiments^ over 300 hogs were full-fed, mostly self-fed, balanced rations 
with shelled corn as the basal feed in dry lot. Conoentrates fed are con­
verted from pounds of feod to feed units in order to make more oomparable 
the rations fed to hogs of different weights. This is the basis for 
determining the difference in feed cost for hogs marketed at different 
weights. Changes in cost are compared with changes in return or receipts 
as affected by the usual seasonal pattern and by the discounts on heavier 
weights. This is an application of the marginal cost and marginal returns 
analysis modified to fit the particular problem. Curiously enough, on the 
marginal revenue side, the closest parallel to the hog mco^keting problem is 
not atomistic competition, which actually prevails on the selling side, but 
monopolistio competition. This is because the hog keeps growing and the 
disoounts for heavier weights apply not Just to the increase in weight but 
to the whole hog—a simple faot, but one that differs from usual competitive 
conditions.^ 
^Not conducted for this investigation. The summarising of these data 
is not a part of the thesis. 
O 
In monopolistio competition, the price received is influenced by the 
output of the individual producer, while in the marketing of hogs, the 
price is influenced by the weight at which hogs are marketed. This doss 
not imply that the hog producer posaesses any monopoly power. 
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S* In ord«r to detcrmlxM the total food ooot of porle, tho food and 
gain of the breeding herd rauot be added to the after-weaning figures, 
Tho breeding herd data are •ynthoeicod from (1) aeveral published studio* 
and on* detailed unpublished investigation, and (2) market statistics of 
•laughter •weights, proportion oT sows slaughtered, sows farrowing, and 
pigs saved, Tho total feed cost of pork (live weight) is essential in 
order to figure the feed oost of pork and of lard in the third section* 
below, but it has some independent value to the farmer with alternative 
uses for feed. It is the measure usually employed to Judge the effioieney 
of hogs, ohiokens, beef animals, eto,, as oonverters of feed into food, 
•While this measure is the 'ippropriat® one for the farmer for whom live 
weight marketed is the final oonsidax^tion, more refined figures are 
available to measure the effioienoy of hogs as feed converters. Thee* 
are presented in the third seotion, 
3a The feed-live-weight relationship, which is established in parts 
1 and 2, is extended by slaughter tests showing dressing percentages and 
oaroasB oomposition, based on 64 intermediate type hogs slaughtered at 
Beltsville, A method is employed to make comparable the oaroasses from 
hogs of different slanghter weipjhts. The porV and lard oroduced per feed 
unit for different marketing woi;^hts can then be figured. The varying 
proportions of pork and lard at different marketing weights make possible 
the determination of the marginal feed cost of pork and of lard, each 
independent of changes in the other. The procedure is the li/Iarshallian 
one for "joint products" in ladiioh the proportions of the products osui be 
varied. This is aooomplished by the use of a produotion indifference 
ourvw* The indlff*r»noe ourrs was emplojred by E<Jg«worth^ and rsoently 
2 developed by Hicca and >»llen» The use here i» siailar to the terms of 
trade application by tiaberler*^ 
L^the/natical Psyohioe, London Sohool of i!<oonomlo8 and Political 
Soienoef Series of Reprints of Soa.roe Iraote in Loonomios and 
Politioal ocienoe* No* 10, pp, 21-22. 1&32* 
2 
A Reoonslderation of the 'I'hRorj'- of Value, ^oonomioa, Vol, I, 
Series* pp. 52-76 and pp. 196-219. 1934* 
3 
The Theory of International Trade, Macmillan, 1936, pp, 186 ff. 
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APTER WEAIJIHO DATA 
While the oaloulatlon of the feed and growth after weaning relatlon-
•hip from the raw data of the 12 experiments is not a part of this study, 
the validity of the principal findings reported here depends upon their 
aoouraoy. For this reason e brief summary is included. 
Growth Curve 
The growth curve for all the hogs in the 12 experiments which 
provide the feed-after-weaning data used in this study^ is based on full 
feeding in dry lot (figure 1). The rate of gain per day which is shown by 
the slope of the curve, increases rather rapidly from birth but at a 
decreasing rate until a weight of over 100 pounds is reached. The daily 
gain reaches a maximum of 1.70 pounds in the 200-210 pound range, but is 
only 10 percent less at 160 pounds, and again at 300 pounds. These hogs 
which are full-fed from weaning reach 100 pounds at 125 days from farrow­
ing, 170 pounds in 170 days, and 225 pounds in 205 days. 
A Gompertz growth curve is used. The figures for the chart are 
shown in Appendix I, Table 1. The same procedure is used for all the 
charts I the table number in Appendix 1 corresponds to the number of 
the ohart whioh is based on it. 
LIVE 
WEIGHT 
( P O U N D S )  
500 
400 
300 
200 
100 
500 400 100 200 300 
DAYS FROM BIRTH 
Fig. I .  GROWTH CURVE FOR HOGS 
BASED ON 800 HOGS IN 12 EXPERIMENTS 
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Faed and Gain After ffeaning 
The Tariatlon in the results obtained fron the 12 feed-after-weaniog 
experiments is shown In two ways. The first is by oomparlng the smoothed 
data fron eaoh experiment and the seoond is by showing the standard error 
of forecast. The fitted feed-live-weight ourves adjusted to a weaning 
weight of 35 pounds for the 12 experiments (fig. 2} have a nvixiinum 
difference between them of 18 pounds after 500 pounds of feed have been 
oonsumed after weaning, 30 pounds between the highest and lovnst after 
feed consumption of 1,000 pounds, and 40 pounds at 1,500 pounds.^ There 
is no logical reason for the Iowa experiments to be shown separately from 
the others except that 12 lines so close together cannot be distinguished 
readily* The variation that exists in the several experiments represents 
difference in supplements, in types of hogs, and in breeding strains* 
For example, the pigs in Iowa experiment No. 288 received superior 
supplements which may partially explain their efficient gain. 
The average feed-live-weight curve for the 12 experiments (fig. 5) 
has a standard error of forecast (shown by broken lines) for a lot of 50 
hogs of 26 pounds after a feed oonsumption of 500 pounds, 43 pounds at 
1,000 pounds, and 55 pounds at 1,500 pounds.^ In all, the records of more 
than 800 hogs are included. The Iowa and Indiana tests were made to compare 
^The standard error of estimate for eaoh of the experiments is given 
in Appendix I, Table 2. 
2 
The standard error of a forecast includes both the error of the 
function and the error of the individual lot. Schultz, H. The Standard 
Error of a Forecast from a Curve. Jour. Amer. Stat. Assn., Vol. XXV, 
New Series No. 170, pp. 159-185, June 1950. 
LIVE 
WEIGHT 
( P O U N D S )  
Exp. no. 137 B 
288 
Ohio Exp. 809 
— — Ohio Exp. 820 
Purdue 
* III. Intermediate 
ooooo III, Rangy 
• Mo. Bulletin 73 
500 1.000 0 500 
CONCENTRATES CONSUMED(POUNDS) 
1.000 1.500 
Fig. 2, FEED AND GAIN OF HOGS AFTER WEANING 
SMOOTHED DATA OF 12 EXPERIMENTS ADJUSTED TO A WEANING WEIGHT OF 35 POUNDS 
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LIVE 
WEIGHT 
(POUNDS) 
350 
300 
250 
200 
Broken lines show one standard error 
of forecast for a lot of SO hogs 
150 
100 
50 
1.400 1,600 1.200 200 1,000 400 600 
FEED CONSUMED(POUNDS) 
800 
Fig. 3. FEED AND GAIN AFTER WEANING WITH STANDARD 
ERROR OF FORECAST FOR A LOT OF 50 HOGS 
AVERAGE OF 12 EXPERIMENTS INVOLVING 800 HOGS FULL FED IN DRY LOT 
16. 
Tmrlou* protein supplamaati and type* of hogs (lotm), the Illinois trials 
were tjrpe tests, the Ohio experiirwsnt nas testing open pollinated versus 
hybrid com, and the !*isBouri hop;8 were part of an animal nutrition study. 
In all the experiments, (1) the ho^a were full-fed (mainly salf-fed) In 
dry lot, (2) the basal feed was corn (uaually shelled), (3) the more usual 
protein supplements were fed, (4) no severe or unusual treatment was 
employed, and (5) the treatmente and feedinf^ were the same throughout the 
eTperiments and similar to farm practice. 
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DBTBRMINATION OF THB MOST PROFlTABUS MARKSTINO WEIOHT 
A preliminary step in oaloulating the most profitable marketing 
weight is the establishment of the feed required per pound of gain for 
the whole range of marketing weights. The data suinmarised above must be 
interpreted so as to be applicable to the mrketing problem. 
The Influence of Changes in Feed Required per Pound 
of Oain on the Uost Profitable Marketing Weight 
In figure 3, live weight was shown to be a ourvilinear function of 
pounds of feed consumed. Bach successive 100 pounds of feed produces a 
smaller live-weight gain than the previous 100 pounds. The increasing 
feed requirements of hogs per pound of gain with increase in weight are 
signifioant in determining the most profitable marketing weight as has been 
pointed out by Robisonl (and quoted by Morrison), Smith, Celler ond Ellis, 
and others. Except for a slight divergence from Robieon's results already 
mentioned, tho results below are consistent with the other studies. The 
comparisons soleoted differ from the ones made by the writers above, however, 
so that the interpretation of the meaning of the change in efficionoy of 
gain is soitiewhat different. The relevant comparisons depend upon the 
decisions to be made from them; -ttiose made by the previous writers are 
important for some problems) the ones made below seem the most significant 
in answering the questions that are discussed. 
liOO. oit. 
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The first difference is that feed units^ are used instead of pounds 
of feed as a basis of measurement of effioienoy. In ooD^)aring hogs of 
different weights, using feed units will give oonsiderably different results 
than using pounds of feed. The same is true for hogs fed different rations. 
The pounds of feed used by pigs at light weights and at heavy weights differ 
in (l) protein content, (2) ability to produce a pound of gain at the same 
weight, and (3) cost per pound for the usual prioe relationships. The feed 
for hogs in different weight ranges is more comparable on all these bases 
if expressed in feed units rather than in pounds of concentrates. 
Jennings, whose published feed unit values are used in this report, 
explains the idea behind it RS followsI "The feed unit io the common 
denominator for all kinds of feeds...and is equal in feeding value to one 
pound of average corn.... It is a somewhat arbitrary measure, but it seems 
to be fairly satiafactoiy when a common measure is wanted of all kinds of 
feeds. It has the advantage of being easily understood as corn is the best 
known feed."2 
variation of the Danish feed unit syBtem. Well, F. V7. The Peed 
Unit System for Determining the Economy of r'roduotion by Dairy Cows. 
Wis. Agr. Sxpt. Sta. Giro, of Information 37, p. 15, 1912. 
O 
U.S.D.A. Giro. 670, p. 2. The feed unit values of one pound of the 
principal hog feeds used in the experiments arei Corn, 1.00} soybean oil 
meal, 1.75) tankage, 2.50} skim milk, dried, 2.00. For a complete list 
see ibid. p. 11. The feed unit value of protein supplements will change 
with large changes in the proportion of high protein feed available. 
Th« seoond differenos is more subtle but probably more important* 
Lass emphasis will be placed upon the oomparison of hogs from 0 to 100 
pdundSf with those from 100 to 200 pounds and from 200 to 300 pounds. 
Without olaiming that such oomparlsons are of no oonaequonoe, the writer 
does maintain that they are not the orltloal oomparlsons for the two problems 
that are to be considered and if they are not the orltloal otxnparisons, 
emphasis on them may be misleading. The two problems are (1) the most 
profitable marketing weight (for pigs already weaned) and (2) the planning 
of the livestock enterprise for a year ahead. This latter decision must 
be made firstj it unually involves a tentative decision on marketing weight, 
whioh is subject to change once the pigs are weaned. As the hogs approach 
marketing weight only the extra ooats and extra returns of withholding 
•ttx® hog from the market for a period of time are important. 
In planning the hog enterprise for a year ahead, some costs, such as 
breeding herd expenses, vary as the number of pigs to be f8a>rowed and are 
not affeoted by changes in marketing weight. Other costs, such as labor, 
death losses, and housing are greater for younger pigs than for older ones 
and thus inorease less t)ian proportional to the growth of the butoher hog. 
Counterbalancing these two types of cost, which decline per 100 pounds of 
pork produced as the marketing weight of hogs increases, is an increasing 
feed cost per xmit gain in weip;ht. The feed cost of the butoher hog is 
such a large part of the additional cost of feeding hogs to heavier marketing 
weights that it may properly be used as an index of marginal cost. Marginal 
costs have limited signifioanoe, however, in the area in which average costs 
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havB not reaohed a minimtai point. It !• important to dstermine the 
approximate narketini^ weight whioh represents this minimtan cost point per 
100 pounds of raarkatable pork produced in order to avoid the common error 
of attributing importance to the (rising) marginal coat of pork as long as 
average cost is falling. 
On the basis of feed cost only, it will bo shown below (fig. 7) 
that the cheapest pork is produced at about 200 pounds, but that the average 
feed cost is less than one percent higher at either 175 or 226 pounds. 
Using the figures from studies cited below (p.41 ) on costs other than feed, 
minimum average (total) costs would be reached nearer 225 pounds than 200 
pounds—the exact weight does not matter for the limited use that is to be 
made of it, 
k comparison, then, of ttte amount of feed needed to produce the gain 
between 100 and 150 pounds with the amount needed between 150 and 200 
pounds is not the significant comparison either for planning marketing 
weights a year ahead or for the final decision on marketing weight, for 
liie longer tiina decision, the feed cost for imy weight range shoiild be 
compared with the minimum oost figure, and for the specific decision, the 
feed (and other) costs for any period should be compared with the change in 
returns Ignoring comparisons with other periods. 
Using the feed oost^ per 100 pounds live weight for 225 po\md hogs as 
(ua index of 100, the index for the feed oost of 200 pound hogs is 99.6. 
The index for a ohauige in weight from 200 to 225 is 104, and for 225 to 250 
^Tftiless otherwise stated, feed coat is measured in terms of feed units* 
—21" 
Is 107, For the ohange in weight from 200 to 250, the index of feed oosts 
is 106( while from 250 to 300 poundi it ie 115. About 10 percent more feed 
iB needed per huntiredwei^ht gain between 225 and 275 pounds than is required 
to produce a 225 pound hog. If these oomparisons were based on pounds of 
feed instead of feed units they would average about as much again above 100| 
• •g.f the 225 to 250 pound figure is 114 pounds instead of 107 feed linits* 
The pounds-of-feed figures are not given, for they are not ocmparable, as 
explained above (p. 18). 
The reduction in the apparent decline in efficiency of gain from the 
usual statement can be seen in the lower part of figure 4. The (incremental) 
gain in pounds live weight per hundred pounds of feed declines from almost 
30 at weaning to 19 at 300 poimds. This is the usual way of expressing the 
decline in efficiency of gain. But the gain per 100 feed units drops only 
half as much--from 23 to 18. The area that is of crucial inportanoe for 
deciding on the most profitable marketing weight is that between 200 and 
about 300 pounds, shown in the boxed section of the curves. In tliis area, 
the gain per 100 pounds of feed declines from 23 to 19 pounds, while the 
gain per 100 feed units drops from 21 to 18. Thus, "diminishing returns* in 
live-weight gain from feeding hogs to heavier weights is olearly evident, but 
the importance of the decline is exaggerated by stating it in torms of pounds 
of feed without explaining the difference in the composition and in the 
cost of rations at light and heavy weights. Economists have sometimes 
complained that in the feeding of dairy cows, diminishing returns were not 
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ftoknowladgcdf^ in hQg feeding experimanta, however« the importanoe of 
dininlihing returns may Imve been exaggerated* 
In another aenee the emphasis on diminishing returns from feeding 
hogs to heavier T/eij;hts is objectionable. The theory of diminishing 
returns is Viaeed upon uniform units of inputs and outputs. The inputs 
of feed wtiilc not identical for hogs of different -weights, if expressed 
in feed units are ]:*easonably ocmparable* The gain (output) in live weight 
for hoys of different weight is not uniform, hcrwever in phyeical or oheiaioal 
composif'on, or in any SIIKIB significant measure available, T^ne important 
diminishing returns problem in pork production must Lake ini,o ooiialderation 
the chaxi^^es in oaroase composit^un. ^inoe live wei^it is aaither a uniform 
nor a significant economic raeasure, even from the farmer's point of view, 
for he obtains different orioes for thu gain produced at different ^veifjhts, 
the feed-live-wei^ht relaticrislUo does not represent tlia diminishing 
returns proble/c. If output were measured in terms of calories, whi h in 
some respects is reasonable, there v/ould be no diminishing returns '/within 
the limits cf the data but rather increasing returns. In ?art III, on the 
basis of slaughter tests a uniform rr>r?thod of measuring output will be 
develo;T(»d, TViero it is contended that the true diminishing!; returns ;.'roblem 
involves tho feed-stHndardizsd-pork relationship with lard unchanged and 
thfl feed-lard relationship with pork unchanged, 
^.S,D,A, Teoh. Bui* 815, fig. 2, p* 6* 1942* 
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Ifeurlniting Waight—The iVoduoar'i Viewpoint 
In dsoiding on the weight at which hogs oan be most profitably 
narketed, the change in coat ffon keeping the hog for any given period* 
•.g*, A weekj must be balanced against the increase in value at irtiioh the 
hog oan be sold. On the cost side the largest item is feed, while the 
labor involved is proportional to the feed oost. 
Both the feed required for growth and the rate of growth have been 
shown; from these the change in feed cost for any additional feeding period 
oan be figured. The feed that will be needed together with the aoocmpanying 
gain in weight may be estimated rather closely, so that the change in oost« 
or marginal cost, for a week can be satisfactorily determined. 
The ohange in the returns that can be obtained by withholding a hog 
from the market for a week oan be estimated only subject to prioe ohanges* 
This ohange, however, is not wholly capricious. Two general movements have 
enough reguleirity that it is worth while to allow for them, (1) seasonal 
ohanges and (2) discounts on heavier hogs. Within a week they are rather 
small, but the percentage increase that oan be obtained in the live weight 
of a hog in a week is likewise small. Thus a rapidly gaining hog at 225 
pounds, if kept a week and meanwhile the market price drops 5 percent, will 
•oil for no more at the end of the week than at the beginning despite the 
additional bushel of oorn fed. 
An interval of a week is appropriate for an actual problem of 
determining the most profitable marketing weight. For illustrative 
purposes, however, a monthly basis is used because it involves less detail, 
but the analysis is applicable to shorter periods of time whioh would be 
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used for praotioal problenui. The only odaplioation it that more oaloula-
tlons are needed»no new ones. 
In negleoting consideration of "all other ohanges" the aim !• not to 
minimise their importance. The other changeB are neglected beoauae fron 
the short term view of the most profitable marketing weight they normally 
cannot be predicted. 
The seasonal pattern of hog prioes 
The effect of the change in seasonal price is generally larger than 
the discount or premium reoelTed for holding hogs to heavier weights. The 
general seasonal pattern of hog prices is reasonably stable, except during 
periods of price control, when a sharp change in the pattern may be decided 
upon as a matter of polioy. The seasonal trend may be Illustrated by using 
the ratio to trend as determined by 12-montha moving average, centered, for 
the 12-year period immediately preceding the price control period of World 
War II, Table 1.^ The highest prices are during August and September ^ en 
marketings are light. As the spring pigs are marketed the prioe breaks 
during October, November, and reaches the low point for tlie year usimlly in 
Dsoeniier, but occasionally in January. Then prioes rise gradually through 
March, but are lower in April and May as the peak of t()e marketing of fall 
pigs is reached} finally prices rise and remain high until the new marketing 
season gets under way in October. 
^This period was used by 0. Shepherd who pointed out that it was 
similar to 1922«41 average. Iowa State College Uimeo., 1945. 
Table 1 
Seasonal Pattorn of nog IVloei, 19S0-41 
Ratio to IZ-Uonths Moving Average, Centered 
Oood and Choioe Barrows and Oilts, Chioago 
t  t  I  
t Ratio to 12>Months t t Ratio to 12-Month8 
Month 1 Moving Average t Month t Moving Average 
January 92.4 July 108.1 
February 96.6 August 111.3 
liar oh 99.1 September 112.0 
April 96.S October 99.8 
liay 96.0 November 91.2 
Jime 99.4 Deoember 87.6 
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The cHjootmt pattern for heavy hoga 
Normally hogs mrketed within the marketing range 200 to 240 poxmdt 
sell for higher prices than either lighter or heavier wights. In figwe 
5 a smooth curve has been drawn showing t)» average change in the pattern 
of disooxmtB throi^gh the season based on the 1934-41 disoounts and the 
1980-41 seasonal prioes* Beginning with October at the top, the pattern 
for eaoh month is ahiown. In every nonth the maximum price is within the 
200-to-260-pound marketing range, although in Hovember and December the 
disoouot for heavier weights is less than f ,35 per hundredweight for 840-
pound hogs. In July and August the discount is nore than |1.00. 
Alternative prioes for hogs, allowing for growth 
In deciding on the weight at irtiioh to market hogs the ohoioe it not 
between 200 and 250 pounds in the same months but between 200 pounds in 
one month and 250 pounds a month later for a hog on full feed. In figure 
6 are shown the alternatives available, based on the average discounts 
shown in the previous figure together with the seasonal pattern (Table 1), 
Bach line is labelled for the month in ^ ioh the hogs were farrowed. Thus 
at the top of the sheet, the prices for Janxiary pigs are based on the July 
prioe for 150-poimd hogs, the August price for 200 pounds, the Septenber 
price for 250 pounds, etc. In the figure and hereafter in order to make 
the results of the experiments more comparable to Corn Belt practice, the 
assumption is made that the hoga are finished on full feed, but not that 
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ttwy wre full f«d from waftning. Instaad of raaohing 226 pounds in a little 
leas than 7 months, as in the trials above, hogs are mere oommonly marketed 
at 226 pounds about 8 months after farrowing. For all oaloulations, the 
hogs will be figured to reaoh 160 pounds at 6 months and thereafter be full 
fed until marketed. Full fed hogs on ordinary non-legume pasture may reaoh 
the same weights a month earlier, and it is a common goal of farmers to 
have their pigs almost two months ahead of this schedule, but in reoent 
pre-war years peak marketings have usually occurred in December at an 
average near 226 pounds while peak farrowings have been in April, 6 months 
earlier. The adjustment for hogs reaching 150 pounds earlier or later 
tiian assumed requires only th&t the oalculations for the suooeeding or 
previous month of farrowing be used if they are finished on full feed. 
The figures are not the appropriate ones, however, for hogs not finished 
on full feed. 
Some broad generalisations for the average relationships for the 
(adjusted) 7-year period can be made. The early spring pigs, farrowed in 
February and Idarch may be marketed muoh more favorably at 200 pounds than 
at 260 pounds or heavier wights. The penalty for holding hogs another 
month after reaching 200 pounds is so great that under usual hog-oorn 
ratios they would not be held. Then the April, Uay, and June pigs, which 
include a large part of the spring crop, face a very different market. In 
general, they may be marketed at a higher price at 260 and SOO than at 200 
pounds)^ here the prices at various marketing weights are real alternatives. 
^April has slight discounts for the heavier weights. 
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the rettirns from whloh must be oompared with marginal ooats in order to 
determine the most profitable marketing; weight (p«34 below). 
July represents a transitional month. Pigs farrowed earlier oould 
be kept to heavy weights and sold at higher prioes, but the July farrowed 
pigs while bringing about the same prioe at 250 as at 200 pounds are 
disoounted for heavier weights. Then the August pigs bring somewhat 
higher prioes at 200 pounds than at heavier weights and the September pigs 
are only slightly higher at 200 pounds than later. The Gbtober pigs have 
a premium on heavy marketing weights, selling at higher prices eaoh month 
through 300 pounds, vdilla the November pigs are sli '.htly higher at 250 
pounds than at heavier weights. Beginning in Deoember again the dlsoounts 
for heavier weights appear and in the following months grow larger. 
The general principle of oomparing marginal cost and marginal revenue 
Now that the alternative prices at which a hog can be marketed have 
been figured, the change in total returns from keeping a hog another month 
oan be calculated and oompared with the extra costs of feeding the hog 
another month. These changes in total returns and costs are usually called 
marginal revenue and marginal cost.^ 
If the marginal revenue from keeping a hog another month is greater 
than the marginal cost, then it is profitable to hold the hog to the 
heavier weight. The marginal reveniie can be figured from the alternative 
^The marginal revenue used here is slightly different from the usual 
marginal revenue, which is equal to price under competitive conditions. 
The one here appears to be the analytical equivalent of the usual meaning. 
-32> 
prioes (average revenue) for a hog marketed at various weights, whioh was 
shown in figure 6. It is the difference between the reoeipts from selling 
a hog one month and the reoeipts from selling the hog a month later. ?or 
example, using the top curve in the chart above, a pig farrowed in Janxiary 
will weigh approximately 200 pounds in August and at 1934-41 average 
(adjusted) prices will return $8.56 per hundredweight or a total of flT.lZj 
but if marketed in September at 260 pounds at the prioe of |8.58 per hundred­
weight will return $21.45. The marginal revenue from holding the hog a 
month is the difference between $21.45 and 117.12 or $4.33. Stated 
differently, the 50-pound gain increased the value of the hog $4.35, or 
^•66 per hundredweight. 
Marginal cost can be figiired on the basis of the average prices for 
the same period. H'eed is the largest oost of holding hogs to heavier 
weights, but labor, risk, and interest are not quite negligible. It is 
estimated that 115 percent of the feed cost will approximate total marginal 
costs. About 250 feed units are needed for the 60-pound gain in weight* 
The 250 feed units at 4 .73 per bushel (the average Chicago price for corn, 
1934-41^) times 115 percent equals $3.74, the marginal cost of the 50-pound 
gain or §7.48 per hundredweight. This marginal oost of §7.48 is directly 
comparable with the inarginal revenue of $8.66 per hundredweight figured 
above* Thus marketing the hog at 260 instead of 200 pounds is profitable. 
^One possible refinement is a seasonal differential for corn prices* 
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Illu«tr>tl<» of •Tginal ooat and roarglnal revenue oomparisoxui 
It iras mentioned preTiously that pigs farrowed in April and Hay and 
reaching 200 pounds in Noveiilber and Dnoember did not sell for sharply 
discounted prices if marketed at heavy weights, A ooni])arison between 
marginal costs nnd marginal revenue is needed in order to determine the 
most profitable raarkBtin,<^ weight. Since these months include the peak of 
the sprini* farrowings, they are good examples to illustrate the stops in 
the process. 
The marginal costs based on 1934-41 prices of holding hogs to heavier 
weights are figured in Table 2. Beginning with a hog at 150 pounds, the 
costs of extra months' feeding are shown for four successive months. For 
the first month the hog gains 50 poimds, and requires 233 feed units which 
at $ .75 per bushel (corn price) cost |3.04. >jarginal costs are estimated 
at 115 percent of feed costs, or i?3.50 for the 60-pound gain and 17.00 
per huncJredweight gain. The calculation of the mar.-^inal revenue or 
incremental price for pi,';B farrowed in April is shown in Table 3 together 
wi-tti the marginal costs. 
The incremental price Cor feeding April pigs from 160 to 200 pounds 
is f7.0e, while the marginal cost of the 50-pound gain is $7.00 per 
hundredweight. Thus keeping the hc^s the extra month nets 9 .08 per 
hundredweight over estimated total costs. Feeding the hogs an additional 
month would be improfitable, however, for the next 50-pound gain costs 
$7.48 and sells for only |6.32 per hundredweight. 
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Tabl« 2 
Marginal Uost of Holding Hogs to Heavier Marketing Weights 
Baaed on Average Farm Prioe Received for Com 1934-41 
of I .75 per Buahel» Marginal Costa are Figured 
at 115 Percent of Feed Costs. 
Mbnthly t Feed 1 Monthly t Mbnthly t 
Change in t Required t Feed Coat t !<Iarginal Cost ( Marginal 
Iferketing t per Hog 1 at $ •73 1 115$ of t Cost par 
Waight 1 for !tonth t per Bushel : Feed Cost t owt. Gain 
Feed Units Dollars Dollars Dollars 
Ft'om 150 to 
200 lbs. 253 5.04 5.50 7.00 
ft*om 200 to 
250 lbs. 249 5.25 5.74 7,48 
From 250 to 
300 lbs. 270 5.52 4.05 8.10 
Prom 300 to 
540 Ibs.l 237 5.09 5.55 8.88 
^Nota the reduced monthly gain In weight. 
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T«bl« 3 
Oaloulatlon of Inorsmental Prloe for Pigs Farrowed in 
April and Comparison with Marginal Cost 19S4-41 iVioas 
Month 
t 
t Marketing 
t ft'e ight 
1 Price 
t per 
1 Hundredweight 
t Value 1 
1 of t 
1 Hog t 
Inoremental 
Prioe per 
Hundredweight 
i Marginal 
1 Cost per 
t Hundredweight 
Pounds Dollars Dollars Dollars Dollars 
Ootober 150 7.01 10.52 
November 200 7.03 14.06 7.08 7.00 
Oaoember 250 6.89 17.22 6.32 7.48 
January 500 6.86 20.58 6.72 8.10 
February 340 6.86 23.29 6.78 8.88 
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Similar oaloulations to thoae above are shown for pigs farrowed in 
Uay in Table 4* For the prioes shown, there is little choioe between 
marketing hogs at 200, 250, or SCO pounds, for in this range the ohange in 
oost and in returns is about equal. 
The oaloulations of the most profitable marketing weight have been 
based on the average prioe relationships for the 7 years (adjusted for 
seoular trend) prior to the prioe disturbanoes growing out of the seoond 
World Vi'ar. The farmer needs to know what is going to happen in the months 
ahead. T}ie best information available on the probable seasonal and 
discount trends of any given market season must be based in part upon 
past relationships, as was done in the illustration, tempered by apparent 
changes in the general economic situation. 
The estimation of prices on the oost (feed) side for any given season 
would be different from the procedure followed above. The average prioes 
of recent years are of much less significance and would form only a minor 
part of the current situation wliich has to be analysed. 
In determining the most profitable marketing weight attention has 
been focused upon growth from weaning to marketing. To obtain complete 
feed oosts of pork production the other peirt of the cycle of production 
must be included—the production of weanling pigs, or the breeding herd 
feed and gain. 
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Table 4 
Oaloulation of Inoraiaental IVio« for Pigi Farromd in 
May and Comparison with ?darginal Cost 1934-41 Prioes 
t I Prio« I Value I Znoremental t Iferglnal 
Month I Marketing t per i of i Prioe per t Cost per 
I Weight t Hundredweight i Hog i liundredweight i Hundredweight 
Founds Dollars Dollars Dollars Dollars 
NoTember 150 6.61 9.92 
Dsaember 200 6.93 13.36 7.80 7.00 
January 250 7.04 17.60 7.48 7.48 
February 300 7.20 21.60 8.00 8.10 
Mar oh 340 7.05 23.97 5.92 8.88 
•88* 
TOTAL FEED COST Uf IdAKKElABLE POWt PRODUCED 
In determining whether hogs should be marketed at 800« 260, or 300 
pounds no need nas found to consider the breeding, herd at all# Onee pigs 
have been Kwaneti, the broodinp; herd costs are overhead costs that have no 
influence on the weight at wuich Larrows and gilts should be marketed. 
For farm planning a yaar in the future, aowever, the breeding herd is the 
same kind of variable as is marketing; weight. In oonsidering questions 
of public policy, breedlnf, herd oosta and returns should almost invariably 
be included* 
The Breeding Herd 
The feed and gain of the breeding herd have been investigated much 
less thoroughly and consequently are less accurately established than the 
feed and gain after weaning. The fii-'ures used here are based on (l) oost 
route and farm business association studies showing breeditig herd feed and 
gain, chiefly the exliaustive summary based on over 10«00G sows prepared by 
Oscar Steanson^  and (2) market statisti -s showing; the number of Di{!;s 
farrowed and saved and the number and wei,;;:ht of sows and r:utcher hoKS 
marketed. The market statistios more often supplerient than overlap the 
infonnatiou from the farm maxiagement studies} and in the oases where the 
two differ, the market statistics are used, with adjustments for farm and 
^Unpublished tnanusoript, iiAt., 
.{8. 
looal slaughter, Tho final fljurai show that 290 fe«d units aro naaded 
per butcher hog marketed, to produce a weanling pi{; of 55 pounds that will 
reaoh mrket weightj & 20»3 pound iivo-vtoii^ht gain for the breeding herd 
is included. The feed for (1) tho boar, (2) the sows not flarrowinf^, (3) 
the pigs that die before reaohin': mflrketins; weit^ht, md (4) tho farrowing 
sows fro^ tho timfi thoy ore brad untH they aro fattanod for market is 
included in tho total feed, Ono-litter and two-litter«a-year systems are 
figured, then they are combined, and weighted in aocordanoe with t)ielr 
Importanoe in the Corn Belt as a whole. An average of 525 feed units are 
required to produoe 100 pounds live-weight gain of the breeding herd, if the 
feed to the nirts that die after iveanin,- but before reaching slauf,hter weight 
is included, and about 505 feed units per 100 pounds of gain, excluding the 
feed for piga that die after weaoaing. Those figures are close to those of 
1 2 Steaneon and of Smith, W,W,, which, however, are only semi-independent 
checks, since reliance was placed on Steanson's estimates while Smith used 
some of the same data. They are also about the average reported fron five 
farm nianageuent studies in Iowa, Illinois, and Indiana, and bear approxi­
mately the same ratio to feed after weaning that these five studies show, 
^Op, cit, 
^"Pork Production", Chs, VII, XVI, Haomillan, 1837, 
^lowa Bui, 265, 294| 111, Bul« 390| Indiana Bui, 3S8« U,S,D.A, 
Dept. Bui, 1381, 
••40" 
Conp«rlaon of Fsed per 100 Pbunda Pork Produovd 
With Oth«r Raporta 
The after-weaning feed and gain added to the feed and gain of the 
breeding herd shows the total feed oost of markstable pork produced. In 
order to appraise the representativeness of the final figures obtained in 
this inTestigation, estimates from other souroes are shown below. These 
estimates fall into two groups, those from several special studies and those 
from Farm Business Assooiation records in Iowa« Illinois, and Minnesota} 
both of these souroes are based upon the same types of fams—those belonging 
to farm business associations. 
The special studies shown in Table 6 are the best informatian available 
for the deoade 1920-30, while the Ftunn Business Association's reoords 
Table 6 furnish the most information for 1930-40. The main difference in 
the two sets of data is that the Business Association records are from 
the western Corn belt, mainly Iowa, while the special studies include the 
eastern Corn Bait as well. 
The Iowa studies, 1920-S0, of the pounds oonoentrates per htmdred-
weight gain show some oonoentration in the range 515 to 525 pounds with 620 
poxinds as a representative figure. The Iowa Farm Business Assooiation 
Bunmaries of 1,800 records during the years 1932-39 range from 420 to 470 
poundi^ averaging 445, whioh is a drop of 75 po\mds, or 15 percent from the 
previous deoade* 
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Table 
Summary of Studiea of Feed 
of Marketable 
6 
Required per i&indred Pound* 
Pork, 1920-80 
t  I  
t t Location 
Autiior I Bulletin i of 
t Number t Farms 
t I 
I  t Poun<la of t 
t  Nun- I  Concen- t  
Year t ber t trates per t Remarka 
I  of t 100 Pounds I  
t Ftirmst Oain t 
Wiloox Illinois Illinois t 1924 34 457 Spring and 
Carroll 590 MoLain and 1925 37 476 fall litters 
Hornung Woodford Co. 1926 35 487 
Case Illinoia Illinois 1 
Roas 301 Hanoook Co* 1913-22 10 485 Bxoluding 
FVanklin Co. 1913-22 10 464 pasttire 
Champaign ( 1920-25 14 510 
and Piatt Co.( 1921-24 10 558 
Youxig Indianat 1922 44 459 
Steanaon Purdue 1923 46 534 
Ulmeo. 1924 28 426 
report 1925 30 447 
1926 33 456 
Hopkins Iowa 256 lowai ( 1922 59 508 Uoatly 
Humboldt Co. ( 1923 49 525 apring piga 
( 1924 51 516 (83 1/2^6) 
&pkins Iowa 294 lowat 
Humboldt Co* 1922-24 159 629 Spring piga 
Webster Co* 1928-30 113 549 One-and-two-
Iowa Co. 1925-27 59 518 litter 
Bbpkina Iowa 270 lowat 1925 21 492 Spring and 
Iowa Co. 1926 21 524 fall littera 
1927 17 543 
Steanaon U.3.D.A, lowai ( 1921 28 447 One litter 
1381 Honry Co. ( 1921 16 462 Two littera 
Illinois t ( 1922 15 461 One litter 
Warren Co. ( 1922 24 442 Two littera 
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T»bl« 6 
Sumiary of Farm Biulnsia Assooiatlon Record* of Feed Required 
Per 100 Pounds of Marketable Pork Rroduoed, 1928-42 
* Illinole ' Iowa * Minnesota ' WisoonBln 
Tear j ifum'ber t Pounds i Number > Pounds t Number t Poimde i' dumber i i^ounda 
I  of t  Conoen- t  of i  Conoen- i  of t  Conoen- i  of t  Conoen-
I  Farms i  trates t  Farms i  trates t  F^rms t  trates t  Farms i  trates 
1828 173 537 
1929 221 582 
1930 229 527 
1931 197 457 
1932 38 418 197 480 
1988 no 461 155 471 
1984 98 419 167 451 
1935 387 430 71 471 335 512 
1936 419 449 223 469 294 478 
1987 324 430 814 460 136 473 
1986 512 425 498 440 223 480 
1939 499 403 496 427 256 482 
1940 437 416 560 437 
1941 530 420 349 510 
1942 664 450 
Total 3852 2403 29S2 108 
Av. 428 448 494 453 
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Th« •aatern Corn B«lt ttudlet, 1620*80« ahow temie oonasntration in 
the rang* 450*460 pounds ooncentrates p«r hundredweight gain with 455 a 
representative figure. The only figures available for the following 
deoade are from Illinois, Approximately 500 farnts averaged 425 pounds of 
oonoentrates durine; the ysare 1935-42.^ 
It -will be rensmbered that ooTnpnrisons of the reoord-lcoepln"? farms 
with all farms invariably show these farmers to be someirtiat above the 
2 
average for all farms in most respeotsj inoluding presumably in obtaining 
pork production from any given feed supply* The detailed estimates of 
% 
Jennings, however, of all feed disappearanoe per hundredweight gain are 
448 pounds for 1929-88 and 420 pounds for lr38-40« The figure used in 
this study is 414 pounds ooncontrates, but comparisons based on feed units 
are more appropriate than those using pounds of ooncentrates• The rations 
in the experiments used in this study contain more feed units per pound 
of concentrates and normally cost more per pound, but about tho saiw per 
feed unit. Tlie rations fed in the lovm. Farm Pusineas Associations are less 
balanced than bhose reported in Illinois ASBooiationa which in turn are 
inferior to those in the 12 experiments used here. Ihey have been compared 
on a pound basis because in some instanRes the composition of the rations 
was not available, but fnoDj^h samples arc reported to Tnake possible 
average feed unit values. 
^Records were omitted from farms produeiog leas than 10,000 pounds 
of pork annually. 
Hopkins, J.A, Statistical Comparisons of Reoord«K«eplng Farms and 
a Random Sample of Iowa Faras for 1989. Iowa Agr. Ezpt* Sta. Res. Bui, 808« 
1942. 
®U.S,D,A. Giro. 670, 1943. 
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The feeding Talus of tankage, soybean nealf and other Bupplements 
will vary with changes in their proportion in the ration, but the values 
used by Jennings^ will make more oomparable in oost and in nutritional 
-ralue rations varying somewhat in oomposition from that of the average 
for the Corn Belt in reoent years. The various estimates of feed require-
msnts are shown in Table 7 in pounds and in feed units. Notioe that the 
present study is slip;htly lower than the others in poiinds oonosntratos, but 
a little higher in feed units. This higher feed-unit value of the rations 
in the 12 experiments is partly due to these trials being oonduoted in dry 
lot while the other figures are based on pasture feeding. The feed-unit 
figures are oonsidered to be more representative of Com Belt oonditions 
with ordinary non-legume pasture. 
Pork IVoduotion and the Hational Food Supply 
The after-weaning data were shown to be useful frcm the viewpoint of 
the farmer in ohooslng the most profitable marketing weight. The inolusion 
of the breeding herd made possible the relation of total feed oonaumed to 
pork produced. This provided a partial basis for comparing hogs with other 
enterprises. Now the viewpoint will be shifted to that of the national 
food supply) interest will center on dressing percentages and oomposition 
of the carcass—considerations which concern the farmer as a producer only 
indireotly tlu*ough their relation to discounts on hogs marketed unfinished 
^Ibid. 
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Tabl* 7 
Rapreaanbatira Fbad Raquiramantt par 100 Pound! of 
Marketable Pork IVoduoad; 
Compariaon of Two Baiaa 
Pounds 
Oonoentratas Feed Htalt! 
Iowa Fturm Business AaBooiation 
1952-88 445 460 
Illinois I Champaign and 
Piatt Counties 
1955-41 420 450 
Jennings 
1958-40 428 455 
A*eaent Study 414 468 
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or ftt heavy welghta. Bren this effeot is a little vague beoauae of tha 
imperfeot grading that ia possible on a llveweigbt basis. 
As hogs are marketed at heavier weights, four changes take plaoe« 
iriiioh are the principal variables in studying; the effioiency of hogs in 
converting feed into foodi 
1. The feed required per pound gain in live-weight increases, 
2« The dressing percentage increases. 
8* !Rie proportion of edible to inedible product increases, 
4* The proportion of fat increases and of protein decreases. 
Much of what follows will be concerned with the rulationship between 
these four changes. The first one» already developed, indicates that hogs 
beeorae less efficient converters of feed into live weight, but tha increase 
in the dressing percentage and in the proportion of edible product operates 
In the opposite direction, while finally the decreasing percentage of 
protein associated with lean meat, vitamins and minerals, inakes the 
increasing edible product vary in value per pound. 
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mPOT-OUTPOT REIATIONSHIPS FOR PORK AND lARD 
la a prayloua aaotion it ima nisntioned that ths fead-live-waight 
relationship ia not the aignifioant diminishing returns problem of pork 
production. Now it is possible to begin a three-step analysis whioh the 
writer submits as the siost important input-output problem of pork and lard 
production* 
In the first step* output per unit of input is compared on three 
bases—live weight, dressed oaroass, and edible product (pork and lard), 
Ifeasurement of output in terms of edible product is a refinement over 
the live-weight and dressed-oaroass bases but it is not definitive. The 
composition of the oarcass must be determined. Three ways of measuring 
output in terms of pork and lard are compared. One of these, the standard­
ised pork method is shown to be valid for comparing the carcasses of hogs 
of different slaughter weights. 
In the second step, "Joint output" of standardised pork and residual 
lard are measured on both average and additional bases. Changes in the 
proportions of standardised pork and residual lard can be made by changes 
in marketing weight and in the number of pigs farrowed. 
In the third step, the possibility of change in proportions of pork 
and lard produced is utilised to determine the marginal feed cost of 
standardised pork, independent of olianges in residual lard. In an 
analogous manner, ths marginal feed cost of residual lard is determined. 
Then, effect on the marginal costs of incomplete accounting for 
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brsedlng h»rd fe«d and gain la shoim. 
Finally, the marginal costs are examined for plausibility, and in 
soma examples the oonditions under whloh the costs are valid are explored* 
One application of the marginal concepts is made. 
The First Stop~Output of Live Weight, 
Dressed Weight, and Sdible Product 
The relation betmen feed and live weight, which is of strategic 
importance to the fanner In detemlnlng mrketlng weight, has already bean 
explored, but the average relationship has not been shown previously* 
The measurement of output in terms of the whole hog—live, dressed, 
and edible basis—is basic to the determination of output of pork and of 
lard* In figure 7 are shown the average outputs measured in these three 
ways cud also the increase in each from additional feed based on average 
Oom Belt conditions. Output per feed unit is measured on the vertical 
axis while the live weight of the butcher hog is shown on the horizontal 
axis. The solid curves show the average output per unit of feed and the 
dotted lines show the increase in output for additional feed for the range 
of live weight in which pigs are ordinarily marketed. The largest live-
weight pork output per 100 feed units is in the 150 to 200 pound marketing 
range, but production decreases only 2.5 percent in efficiency from 175 
pounds to 275 pounds. On the marginal basis, the decrease in the same 
range is 14 percent. 
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OUTPUT PER 
100 FEED 
UNITS 
(POUNDS)  L  V E  W E I G H T  
Average 
Addit iorial 
D R E S S E D  W E  G H T  
Additional 
Average 
E D I B L E  P O R K  A N D  L A R D  
Addit ional 
Average 
150 200 225 250 275 
L I V E  W E I G H T  O F  B A R R O W S  A N D  G I L T S  ( P O U N D S )  
300 
Fig. 7. LIVE WEIGHT, DRESSED WEIGHT, AND EDIBLE PORK 
AND LARD PRODUCTION PER 100 FEED UNITS FOR 
HOGS MARKETED AT VARIOUS WEIGHTS 
CORN BELT CONDITIONS; INCLUDES BREEDING HERD 
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Th« iMXlauB output of dresaed oaroats per 100 fead units is obtained 
in the marketing range 226 to 275 pounds—'about 76 poiuids hearier than 
the peak output measured on a livB-weight basis. While gains above 176 
pounds require more feed than previous gains, the decrease in efficienoy 
of gain is so gradual -that it is more than offset by the increased dressing 
percentage of heavier hogs up to a weir^ht of about 250 pounds. Carcass 
produced per lOO feed units increases about one percent between 200 and 
250 pounds marketing weight and decreases about one percent between 250 and 
300 pounds. The decrease in the uarginal output of carcass between 250 
and 800 pounds* however, amounts to 7 percent. 
The output of edible product (standardised pork plus lard) per 100 
feed units increases throughout the range of data shown although at a 
decreasing rate. The increase in output per feed unit is less than one 
percent between 250 and 275 pounds, and apparently only half as much for 
the next 25-pound increase in weight. At 275 pounds, however, which is 
the upper weight limit of the ccHaposition data observations, the marginal 
output, though declining, is about 6 percent above the average. The 
explanation of this (rather surprising) relationship is best made in 
reference to the four principal variables referred to above. 
1. The feed required per pound gain is increasinj^ directly with 
marketing weight as is well known, but the rate of increase 
ia rather slow, particularly if feed is measured in feed 
units, which are mere appropriate than pounds of feed, the 
usual measure. 
-51-
2. Ths Inorsaa* in th» dressing percentage, and 
3. The higher proportion of edible to inedible product taken together 
are larger than the decline in gain per feed unit. The net 
result of these three variubles is tlmt edible product per feed 
imit increases up to 276 pounds. This result, however, is only 
an intermediate one and should not be used to determine the 
most efficient marketing weight from the public's standpoint, 
for this depends upon 
4. The rather rapidly changing composition of the hog (with 
increase in marketing weight), which will now be explored. 
OompoBition of the carcass 
As the hog increases in marketing weight the percentage of both the 
intramusoular or invisible fat and the visible fat increases vriiile the 
percentage of protein and of water in the carcass declines. Since both 
neat and lard are obtained from hogs, expressing output in these terms 
seems desirable. Before attempting this, however, the relation between 
feed and output measured in ph/sical terms is shown in figure 8. Both 
the feed and the gain of the breeding herd are included. 
PRODUCT 
(POUNDS) 
300 
250 
200 
150 
100 
50 
SEPARABLE FAT 
vCvv 
' v*v 
r\*\ 
vV^ 
.SEPARABLE LEAN 
Dressed 
weight 
Live 
weight 
DRESSING LOSS •.•••. Total 
edible 
meat 
700 800 900 1.000 1.100 1.200 1.300 1.400 1.500 1,600 1.700 
FEED UNITS 
• 
m 
ro 
I 
Fig. 8. OUTPUT AS RELATED TO INPUT, PER HOG BASIS 
CORN BELT CONDITIONS; INCLUDES BREEOINS HERD 
r 
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Three imys of waaBuring output of pork and lard 
Measuring the output of pork and lard is oomplloated by the varying 
oompoaition of pork from hogs of different weights and from hogs of the 
same weight marketed at different tinma. The firat point is obvious enough-
that outs from heavy ho^^a will be fatter and usually leas desirablej the 
seoond is no leas important—that packers vary the relative yields of pork 
and of lard with changes in demand, by ohaoging the oomposition of the pork 
as explained below. 
Standardited putting* An attempt to raeaaiire not only pork yields but 
also yields of the various outs by a mothod that is not influenced by 
prioe ohangea is the standardised cutting teohnique adopted by the Bureau 
of Animal Industry at Beltsville. The excellent results obtained^ are 
also important for figuring output on other bases.^ Two liiaitations of 
this method are that it is neither the way hogs are cut up by conmeroial 
packers nor are.the cuts from different weight hogs of the same compo­
sition. No one method oan bo both of these, of course, but the results 
of eaoh are shown below. 
Packer praotice. Packers trim carcasses to fit the current 
demand, i.e., they attempt to out the carcasses oomin,; to market in 
such a way that the resulting pork cuts and lard will sell for the 
greatest value allowing for costs involve i in extra trimming, prooessing, 
eto. It may be rather surprising that in ordinary packing praotice the 
^See Yearbook of Agriculture, 1939, p. 460 ff» 
^Fage 55 below. 
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lard ylald (p«roent) is lower from heavy hogs than from light ones 
(figure 9). Some fat outs suoh as baoks, plates, and Jowls are normally 
rendered into lard from hoi;B in the 180 to 220 pound weights, but are 
sold as pork outs (fat baoks, clear plates, and baoon squares) from heavy 
hogs* Thus the "pork" obtained from heavy hogs is oonsidorably fatter 
than from light ho^s and is not comparable either nutritionally or from 
the standpoint of demand. In some instances the demand for the outs is 
so radioally different from light and from heavy hogs that the two products 
are sold to fairly distinct groups of oustomers—>e.g., breakfast baoon 
from fancy sweet pickled bellies on light hogs and "sidemeat" or salt pork 
from dry salted bellies on heavy hogs are not very close substitutes for 
eaoh other* 
There are two reasons, then, why Paoker Praotice is an unusable 
measure of pork and lard produotion. The first is that packers are 
continually changing the way thet they trim hogs of the same weight and 
finish with changes on both the demand and the supply side. Tlie second 
reason is that if packers always trimmed similar hogs in the same way, 
oomparison of meat from light and heavy hogs would be inconclusive because 
of tlae difference in composition. 
Standardised pork*^ A third method of comparing pork and lard yield 
from hogs of varyinj;; slaughter weights is to trim the fatter cuts from the 
heavier hogs more closely than the leaner cuts from the lighter hogs so as 
^This method was suggested by John W. Klein, formerly of the BAE. 
to obtain outs of approxLoately standard aoiiq)OBltlon regardless of the 
weight of the hog. The extra fat trimminf^B would be rendered into lard. 
This would make the lard yield inorease direotly with marketing weight. 
Beginning nith the outs obtained by the standardised cutting process, using 
tlw results of oareful tests of t>ie Bureau of Animal Iudustry« the oompo­
sition of eaoh out can be approximately standardised for hogs weighing 
from 176 to 275 pounds by trimning the fat on them more or less olosely as 
needed. The result is pork of a given oomposition from various weights of 
hogs whloh is termed "standardised pork." The remaining fat trimtnlngs are 
figured on the basis of the fat oontained, i.e., a rendered basis, and is 
oalled "residual fat, lard equivalent." 
Standardised pork and residual lard are based upon the edible portion 
of the oaroasB from a 225-pound butoher hog. They differ from the dressed 
carcass by including edible offal but excluding bone and skin. The 
standardised pork and residual lard from a 225-po\md hog will weigh about 
80 percent as much as the dressed caroass. The 13 percent protein and 42 
percent fat in the standardited pork are about the same as Chatfield and 
Adams* figures on the proximate oomposition of the edible portion of medium 
oaroasses. In other words a pound oi' standardised pork is equal to one 
pound of the edible meat (excluding skin and bone) from a medium caroass, 
and is equal to 1.1 pounds of meat as purchased at the store.^ 
^Except for a slight adjustment for edible offal. "Proximate 
Oomposition of American Pood Uaterials," U.S«D.A. Circ. No. 649, 1940. 
Ihlle it ii Assunsd that each out ia handled in a standard way, the 
Talidity of standardised pork as a measure of the nutritional value of porlc 
and lard does not depend upon a oaroass being actually out in the prescribed 
manner* It is not essential that a fat out, e.g., clear plate, be rendered 
but merely that it be given its lard equivalent value* If clear plates are 
more valuable as a pork out than if rendered into lard, the evaluation of 
the edible protein and edible fat in it is valid even though it is not 
rendered. One result of this calculation is that the "residual fat, lard 
equivalent" overstates the visible fat production, but since fat cuts are 
used in part for the same purposes (e.g., seasoning) as visible fat, the 
failure to qualify as a visible fat may not be serious as far as the fat 
supply is concerned and appear as a problem only in the artificial 
olassifioation of fats which includes only tlie visible supply. From a 
nutritional standpoint, plates and backs are of about the sane value as 
pork cuts or as lard and cracklings, except for any difference in waste* 
Similarly the use of standardised pork and residual fat, lard equivalent 
is nutritionally valid for measuring the other cuts from various weight 
hogs even though this method of cutting is not followed,^ 
For this reason, it is legitimate and more acctirate to assume ocmplete 
standardization for comparing hogs of different wei^ts even though only an 
approximation is feasible in practice. Care is taken that tiie edible fat 
and edible protein is accurately refleoted in the extensive use of standard­
ised pork that is made throughout t^ie study. The use of this concept is 
^It will not, of course, reflect consumer's preferenoes for particular 
sise cuts* 
bu«d on the belief that this is the most appropriate aeasure available 
for oomparing hogs of different mights* 
The Ihree methods for measuring output of pork and lard that have been 
desoribed are shown together on the same soale in figure 9. 
The Seoond Step—"Joint Output" of Pork and Lard 
Separable Flat and Lean 
In figure 10 is shoim the Joint output of standardised pork and of 
residual fat per 100 feed units along with the separable lean and separable 
fat output for hogs of various marketing weights. The separable fat and 
separable lean as previously explained are physical determinations made by 
separating the lean or the musole meat from the fat with a knife--probably 
most easily explained by saying—in the fashion of Jaok Spratt and his 
wife* This olassifioatLon is an intermediate step in determining standard­
ised pork and residual fat) it is shown here as an aid to the understanding 
of the standardization of pork. 
The output of pork and lard is called Joint output because for eaoh 
output of standardised pork an output of residual lard is produced Jointly, 
Thus, for hogs mrketed at 200 pounds, 10.68 pounds of standeurdized pork 
are obtained per 100 feed units, but this is in addition to 2.96 pounds of 
residual fat which are obtained from the same 100^ feed units. Standardised 
pork per 100 feed units decreases with marketing weight while residual lard 
increases. The increase in lard is about twice as great as the decrease in 
pork near 200 pounds marketing weight, but it is only 20 percent greater 
near 276 pounds. This is true in spite of the faot that the rate of 
PERCENT 
OF LIVE 
WEIGHT STANDARDIZED PORK 
AND RESIDUAL FAT 
COMMERCIAL 
PRACTICE 
STANDARDIZED 
CUTTING 
Pork 
Pork 60 
Pork 
40 
Residual fat, 
lard equivalent 
Lard equivalent 
of cutting fat Lard 
20 
300 250 50 200 250 200 200 250 150 
N DS ) 
150 
Fig. 9. PORK AND LARD YIELD FROM THREE WAYS 
OF  GUTT ING THE GARGASS 
USING A STANDARDIZED CUTTING PROCEDURE, LARD YIELD INCREASES DIRECTLY 
WITH SLAUGHTER WEIGHT, BUT THE COMMERCIAL PRACTICE OBTAINS A HIGHER 
LARD YIELD FROM LIGHT HOGS THAN FROM HEAVY HOGS. IF THE CARCASS IS 
TRIMMED TO OBTAIN PORK OF STANDARD COMPOSITION AT ALL WEIGHTS, LARD 
YIELD INCREASES SHARPLY AT HIGHER SLAUGHTER WEIGHTS 
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Fig. 10. TWO WAYS OF MEASURING OUTPUT PER 100 FEED UNITS 
FOR THE USUAL SLAUGHTER WEIGHTS 
CORN BELT CONDITIONS; INCLUDES BREEDING HERD 
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Inoraaaa in lard prodxjotion per 100 feed units with inorease in marketing 
might is about 60 peroent greater at 276 poimds than at 200 pounds, for 
the decline in pork prorluction per 100 feed units is twice as great at 
275 as at 200 po'inds marketinE weiji^ht. 
In figure 11 the average and the additional output of standardised 
pork and residual l&rd per 100 feed units are ooupared. For burrows and 
gilts marloBted at 200 pounds, 73 peroent of tho total edible produot is 
standardised pork, but only half of tho additional produot is pork. At 
250 poiinds almost 70 peroent of the total edible produot ia standardized 
pork but at this weight standardized pork oomprises only ono-fourth of 
the additional ja-oduot. 
The additional curves should not be confused with the true marginal 
output curves whioh are developed In the next section. The curves here 
show the joint output of standardized pork and lard from 100 additional 
feed imlts at various weights but do not show the marginal output of 
standardized pork and of lard per 100 feed units, and thus cannot be 
inverted to show marginal coets. 
The possibility of obtaining pork and lard in various proportions, 
however, is of Btrategic importance, for by a well known theorem in 
eooncmios, if the proportions in which two products are produced oan be 
varied, the marginal coetB of each can be doterniinod. The varying of the 
proportions between pork and lard is the noxt step. 
Changes that can be made in stantiardized pork and lard equivalent 
production from a given quantity of feed for a laarketing year beginning 
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P O U N D S  I  I i ' ' 
I ! , i 
ADDITIONAL PRODUCT PER 100 ADDITIONAL FEED UNITS 
R E S I D U A L  F A T .  L A R D  E Q U I V A L E N T  
20 r 
AVERAGE PRODUCT PER 100 FEED UNITS 
R E S I D U A L  F A T ,  L A R D  E Q U I V A L E N T  
L I V E  W E I G H T  O F  B A R R O W S  A N D  G I L T S  (  P O U N D S )  
Fig. 11. OUTPUT OF STANDARDIZED PORK AND RESIDUAL FAT 
PER 100 FEED UNITS FOR VARIOUS LIVE WEIGHTS 
CORN BELT CONDITIONS; INCLUDES BREEDING HERO 
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12 months in th« future are ra'fter large. If the price aituation ia more 
farorable for standardised pork than for fat this would oall for an increase 
in the number of sows farrowing and a reduction in marketing weight. This 
adjustment would increase i^ork and decrease lard equivalent production* 
If the demand for fat ia favorable relative to pork, e.g., if the export 
demand for lard is active, a decrease in farrowings and an increase in 
marketing weights will expand fat at the expense of pork. In the absence 
of support prices, inability to predict the demand-supply situation for a 
year in the future inhibits adjustment on IW^s to the price situation. 
This \moertainty, however, does not deny the po88ibili-ty of rather large 
shifts in the relative quantities of standardised pork and fat produced, 
A system of forward pricing which would reduce the uncertainty would make 
possible more rapid shifts on farms ttian cn-dinarily occur. Hixperience in 
1942-49 with price guaranties for hogs suggests that the reduction of 
uncertainty is a powerful force in bringing about shifts of this type. 
Rather sensitive shifts in pork and lard production with changes in 
the price situation have been so characterlatic that ratios of corn and hog 
prices have been regarded as crucial in regulating production, despite 
uncertainty of price changes. In case some of the uncertainty is removed 
by forward prices, it is especially important to survey the shifts that are 
feasible. The whole process of shifts in standardised pork and residual 
fat brought about by changes in marketing weights and hog numbers cannot be 
shown on a two 'iimensional chart, but in flgiires 12 and 13 below are two 
compromise presentations. In figxu'e 12 the standardised pork and residual 
fat (vertical axis) that oan be produced from 88 billion feed units are 
- 6 3 -
P O U N D S  
(  B I L L I O N S )  I  
S T A N D A R D I Z E D  P O R K  '  
.  R E S I D U A L  F A T .  L A R D  E Q U I V A L E N T  
10 
1.0 
Addit ional lard equivalent obtained each time 
hog is increased 25 pounds in weight 
Loss in pork each time hog is 
increased 25 pounds in weight 
P O U N D S  
Pounds of lard that replace a pound of pork 
150 175 200 225 250 275 300 
L I V E  W E I G H T  O F  B A R R O W S  A N D  G I L T S  ( P O U N D S )  
110.8 96.8 85.6 76.5 68.9 62.5 56. 
N U M B E R  O F  H O G S  (  M I L L I O N S )  
Fig. 12. ALTERNATIVE QUANTITIES OF STANDARDIZED PORK AND 
RESIDUAL FAT OBTAINED FROM THE NUMBER OF HOGS OF 
VARIOUS MARKETING WEIGHTS THAT CAN BE PRODUCED 
WITH 88 BILLION FEED UNITS (1935-39 AVERAGE ) 
CORN BELT CONDITIONS; INCLUDES BREEDING HERD 
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shown for 26 pound interrals in marlcetine walght (horisontal axis) for 
barrows and gilts varying from 150 to 500 pounds. The number of hogs that 
would be marketed at eaoh weight also is shown on the horizontal axis. 
The 88 billion feed units is an estimate of the amount of lood used by 
hogs in the years 19S8- 40l and is a ourrent estimate of the feed available 
for hogs in 1944-45. llarginal outputs would be tlw same regardless of 
what fixed supply of fesd was assumed. 
In the middle of figure 12 is shown the change in standardised pork 
and in lard produotion from eaoh shift of 25 pounds in average marketing 
weight. The increase in lard is greater than the loss in pork for all 
ohanges in weight, but, as shown in the bottom line, is more than twice as 
great between 150 and 200 pounds but only 10 percent greater between 275 
and 500 pounds. In figure 13 the possible shifts in standardised pork and 
residual fat are shovm in a way whioh makes possible more precision in 
measuring the effect of changes in nmrketing weights. Production of pork 
is shown on the vertical axis and of fat, lard basis on the horisontal 
axis. The ourve shows the variations in eaoh that are obtained by shifting 
marketing weights. Uarketing weights are indicated but the number of pigs 
is not shown. At the upper left section of the ourve where pork produotion 
is largest and the lard yield is least, weights are low imd hog numbers 
high. Moving along the ourve to the right and downward pork declines and 
lard increases. Numbers gradually decrease and weights increase. The 
ourve shows not only that fat produotion can be inoreased at the expense of 
^Jennings, R. D. Op. oit. 
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Fig. 13. ALTERNATIVE QUANTITIES OF STANDARDIZED PORK AND 
RESIDUAL FAT THAT CAN BE OBTAINED FROM 88 BILLION FEED UNITS 
PRODUCTION INDIFFERENCE CURVE SHOWING INCREASES IN LARD EQUIVALENT PRODUCTION 
ACC0MPANYIN6 SUCCESSIVE EQUAL REDUCTIONS IN STANDARDIZED PORK 
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pork for a girsn input of feed by Increasing weights and deoreasing 
farrowinga, but it shows by how muoh pork nrnst be reduced to get inoreasea 
in lard, which may be tormod the pork cost of lard. 
To determine the pork cost of lard, the standardized pork produotion 
froM light weight hogs, say 175 pounds, is calculated and by succesaive 
steps the standardised pork pro<luction is reduced and the change in lard 
yield that can be obtained observed. If hogs are marketed at about 175 
pounds, 9»58 billion potmds of pork and 2.12 billion pounds of lard are 
produced. The procedure followed will be to see the effect on lard 
production of successive reductions in pork produotion. This will be 
accomplished by reducing hog numbers and increasing marketing weights. 
If pork produotion is reduced 250 aillion pounds, lard can be expanded by 
480 million pounds. Thus a pound of lard can be secured by a reduction 
of .52 pounds of pork in this marketing range. Jfarketing vieights are 
increased almost 25 pounds by this shift to 200 pounds and hog numbers 
are reduced by 11 million head as explained before. If pork produotion 
is reduced another 250 million pounds, lard can be increased by 400 million 
pounds. From the chart it can be seen that each successive equal reduction 
in pork makes possible smaller expansions of lard—340 million pounds of 
lard for the third pork reduction of 250 million pounds, and 310 million 
poiinds for the fourth, and so on. As hogs increase in marketing weight, 
the amount of lard that can be secured from a given reduction in pork 
decreases or, to put it differently, the pork cost of lard increases with 
increase in marketing weight. Retracing the steps taken on the chart, if 
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•tandardlBed pork li inorcased by 260 million pounds* eaoh sucoassiT* 
inoraaaa in pork ia aooompaniad by a largar reduction in lard. Thua, a 
given increase in pork production requires a greater reduction in lard 
yield in the case of light wight hogs than for the heavier ones. The 
nargixial cost of pork, then* iii terms of lard deoreases with increase in 
marketing •"^fE^ts. These results are preliminary to the dstermination of 
tha marginal feed costs of pork and lard for hogs marketed at various 
weights, which is the next step. TOiile feed is assumsd to be fixed in 
these calculations, this is no limitation of the results, but merely a 
simplification of the analysis} if the possibilities of a given quantity 
of feed are explored, it is a simple step to calculate the effect of 
changes in the feed supply. 
The Third Step—Input-Output for Standardised Pork and 
Residual Lard 
The feasibility of simultaneous shifts in number of pigs farrowed and 
in marketing weights makes possible the use of the standard liarshallian^ 
treatment of input-output measurement and marginal oost determination for 
"joint products," Pork and lard are Joint produots whose proportions can 
be—and are in practice—varied within rather wide limits. The olassical 
examples of "beef and hides" and "mutton and wool" are extremely awkward 
^Marshall, A. Prinoiples of Bconomios, 8th edition, p. 390. 
Appendix Mathematical Rote ZIX, p. 854. 
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otuqpftred with pork ftnd lard. 
In the preceding aeotlon, Inoreasei In lard at the expense of pork 
were illviEtratad for a given feed supply. If ohangea in feed i.i u intro-
duoed, either otandardiKed pork or residual lard may bo maintained at 
any given level while the other (pork or lard) varies. 
Figure 14 is sinilar to figure 13 except that instead of a ourve for 
one quantity of feed, four ourves for four quantities of feed are shown. 
As before eaoh of the heavy linoa shows alternative oombinationa of pork 
and lard that oan be produced for eaoh of the feed quantities. The radial 
dotted line cutting across these heavy lines conneot outputs obtained from 
equal marketing weights. To obtain the narginal feed cost of lard, it is 
neoesaary to hold pork production constant. Tlien the lard production can 
be increased and the inorease in feed that is needed to obtain a unit 
increase in lard is the feed cost of this unit of lard. In figure 14 
this is shown by beginning with i)roduction of 9.68 billion poimdr of 
standardised pork and 2.12 billion poiinds of (residual) lard obtained 
from 88 billion feed tonits fed to 96.8 million hogs marketed at 175 
pounds. Uoving horlsontally from Ourve I to Curve II (insteRil of along 
Curve I as was done in figure 13) pork production is unchanged while lard 
yield is increased from 2.12 to S.Ol billion pounds or an increase of .89 
billion pounds at an increase in feed of 4 billion units which is the 
difference betmen each of the feed curves, by construction. The marginal 
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STANOARDIZEO PORK 
(BILLION POUNDS) 
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FIG. 14. MARGINAL FEED COST OF TJCREASES TM TOTAL LARD EQUITA-
lEMT PRODUCTION FOR THREE IMCREASES IK I/JARKET^JG 
VffilGHT USIMG EQUAL CHAIJOEG DI FESD CCWSUTIPTION. 
As marketing weight is increased, the marginal feed cost of lard 
rises. For the increase in weight from 175 to 210 pounds, 4 
billion additional feed units increase lard by .89 billion gunds or at a marginal cost of 4.49 feed units per pound of 
rd. For the 2nd increase in marketing weight, the marginal 
cost is 4 billion divided by .74 or 5.41 feed units. For the 
3rt increase in marketing weight, the marginal cost of lard 
rises to 6.35 feed units. 
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oost of thi« inor«*s«d lard then is 4 billion feed units divided by .89 
billion pounds of lard, or 4*49 feed units. This same procedure oan be 
repeated by moving horisontally from Curve II to Curve III, and then 
from Curve III to Curve IV. While pork production is unchanged lard 
produotion increases from 3.01 to 3.76 and then to 4.38 billion pounds, 
fiaoh move is toward a higher marketing weight for hogs. Note that the 
equal inoreases in feed bring smaller increases in lard as the weight of 
hogs inoreases. Thus the marginal feed cost of lard inoreases with 
inoreaae in marketing weight. 
Curves similar to those in the previous figure are repeated in 
figure 16 to show the marginal cost of standardised pork. The principal 
difference is that to get equivalent or appropriate changes in pork 
produotion it is necessary to increase feed more than previously. 
Beginning with a marketing weight of 226 pounds, three equal inoreases of 
feed are shown. If marketing weights are reduced and the number of pigs 
marketed is increased so that lard produotion remains unchanged, as shown 
in the figure, the successive inoreases in pork for each 20 billion feed 
unit increase are 2.6S, 2.46, and 2.56 billion pounds. Thus with decreases 
in marketing weights, the marginal feed cost of pork inoreases, although 
•ory gradually. 
Sinoe the graphic method of determination of marginal cost is not 
exact and sinoe it is an advantage to have the marginal costs between 
definite marketing weights, they are deterained for 25-pound intervals 
in marketing weight of the butcher pig in the table below (Table 8). 
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STANDARDIZEO PORK (BILLION POUNDS) 
16 
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Fia. 15. MARGINAL lEED COST OF T?; TOTAL ST/iNDAPDIZED 
PORK PRODUCTiaT FOR THREE DECRS.\3ES IM M/J^ICETDTG 
VETGHT USING E^JL'X CHANGES I!! FEED CONSUMPTION. 
As marketing weight is reduced tho marcinul feed cost of pork 
decreases. The reduction in marketing weight from 225 to 200 
pounds increases pork production 2.53 billion pounds at a 
marginal feed cost of 7.91. For a End reduction in nierketlng 
weight, 2.46 billion pounds of pork are produced and for a 3rd, 
2.36 billion pounds, with marginal feed costs of 8.13 and 8.47 
respectively. 
CalonlAtiaii of Marginal 7Md Cost of Standardize 
It«n 
t : 
' Unit *-
i : 
t t 
180 : 
t 
175 
Pcrands Pounds 
Nonbor of hogs to produee 
8797.00 lbs. of standardized p<»ic NiBdi«r 100.00000 88.80338 
Residxial fat lord equivalent Pounds 1,546.510 1,943.609 
r—A Feed units 79,457.080 80,770.208 
Increase in Icord Pound* 397.098 
Inexease In feed Feed units 1,313.188 
Marginal feed cost of laxd 
equlralent (or edible fat) do. 3.81 
NvBd>er of hogs to produce 
1S46.S1 lbs. of lard equlvalcmt Number 100.00000 70.65997 
Poi^  Pounds 8,79?.000 6,999.686 
Feed Feed units 79,457.020 64,868.055 
Deerease in pork Pounds 1,797.315 ; 
Deoreaee in feed Feed units 15,188.965 L 
Marginal feed cost of pork do. 8.45 
Lard cost of pork 2.56 
Iterglnal feed co^ it of pork less 
feed oost of *42 lbs. fat FMd xmits 7.06 
Harglnal feed cost of protein 
(line above divided by .13} do. 54.3 
calculations shown in tlis table are l)ased on f ivo or six daoimal plaoee. Caloulatl 
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teblA 8 
Cost of Standardized Pork and Residual Fat Lard ZquiTelent (Cora Belt Conditions, Including BreedixM 
Data for Barrows and Gilts Weighing 
• 
• 
t 
175 
• 
• 
• 
• 
200 : 
t 
885 t 
t 
250 
Pounds Pounds Pounds o^unds 
88.80SS8 
1,945.609 
80,770.^  
80.98744 
8,465.814 
83,170.879 
75.88338 
3,116.090 
86,681.651 
71.80827 
3,913.166 
91,398.436 
398 
L88 
581.600 
8,400.071 
650.876 
8,511.378 
797.076 
4,710.785 6,151 
51 
70.65997 
6,999.685 
64,868.055 
4.60 
50.76845 
5,518.648 
52,175.457 
5.39 
87.41861 
4,365.986 
43,019.952 
5.91 
88.29771 
3,476.685 
86,118.920 
6 
310 
966 
iS 
1,481.097 
18,098,898 
8.16 
1,152.712 
9,105.500 
7.94 
889.301 
6,901.032 
7.76 
693 
5,831 
7 
S6 1.77 1.47 1.81 ] 
06 6.88 5.68 5.88 4 
S 47.9 43.7 40.6 31 
al places• Caleulatioas u*>in;; only the three deoimal places shovm will yield sliirhtly diffeirent euac 

nt (Coxu Belt Conditions, Inoluding Breedinit Haxd)^ 
wB and ailts Weighing 
S85 ! 
t 
250 t 
• 
875 
e 
• 
t 
300 
Pounds •^ounds Pounds Pounds 
7S.8833E 71.60S87 69.86826 68.80874 
3»116.090 3,913.166 4,884.088 6,071.040 
6,681.651 91,398.436 97,543.980 105,464.864 
797.076 976,668 1,187.018 
4,710.785 6,151.544 7,980.884 
5.91 6.84 6.67 
S7.41S61 SB.89771 81.93165 17.37866 
4,S65.9S6 3,476.635 8,785,599 8,840.908 
8,019.f8S 36,118.980 30,886.957 86,865.646 
089.301 691.096 544.631 
6,901.0SS 5,831.963 4,081.811 
7.76 7.57 7.88 
l.Sl 1.19 1.11 
5.S8 4.91 4.58 
40.6 37.8 35.8 
MS shown will yield slightly different answers 
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Ths oaloulatlons in the table follow the seune prlnolple employed In 
the oharta above. The base for oaloulation ia the standardiced pork and 
lard from 100 hogs marketed at 150 pounds. In determining the cost of 
lard for shifts of 25 pounds in marketing weight, the number of hogs is 
adjusted to produce 8,797.0 pounds of standardieed pork from hogs at eaoh 
weight. Thus, at 175 pounds about 89 hogs would produce the same amount 
of pork as 100 hogs at 150 pounds, and at 200 pounds about 81 hogs would 
be needed*^ 
While the 89 hogs at 175 pounds produce the same amount of standard­
ised pork as 100 hogs at 150 pounds, they yield 397.1 pounds more lard 
and require 1,313 more feed units. Ihe marginal feed cost of the lard 
is 1,318 f 397.1, or 3.31 feed units for the 150-175 pound range in 
marketing weight. This procedure is then repeated to determine marginal 
feed oost for lard at higher marketing weights. The trend in the cost 
of lard will be discussed later. 
To obtain the marginal feed cost of pork, the lard production of 
1,546.5 pounds from 100 hogs at 150 poimda marketing weight is taken as 
the base. About 70 hogs marketed at 175 pounds will produce the same 
total quantity of lard but will produce 1,797.3 pounis less standardised 
pork and require 15,189 leas feed units. The ioarginal feed oost of pork 
for this reduotion in pork is 15,189 divided by 1,797.3 or 8.45 feed units. 
^In case some oonoern in felt about how to produce 88.80338 hogs, as 
shown in the table, the answer is that for the Corn Selt as a whole this 
problem vanishes} e.g., the unit could be millions of hogs. 
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Ihlle tha ooat of lard waa obtiL ned by figuring the ooat of an inorement 
of lard* the ooat of pork la figured by the reduotion of pork by a snail 
amount* In marginal analysis* the marginal or incremental unit of output 
is usually defined as a small inorease or a small deoreasej either one is 
satlsfaotory provided the unit is a small one. If there were any 
advantage in considering tlie oost of additional pork instead of the cost 
of a reduotion in pork, this could be aohleved by oonsidering a reduotion 
In marketing weij^t from 175 to 150 pounds. 
As indioated in figures 14 and 15, the marginal oost of lard increases 
dlreotly with markoting weight 'vihile the marginal oost of standardised 
pork varies inversely with weight. It does not follow, however, that if 
more pork is wanted, hogs should be fed to heavy weights and vioe versa. 
If more standardized pork is desired rather tlian more lard, the oliange 
oan be aooomplished only by reduoing weights and inoreasing the number of 
hogs marketed. Similarly, if lard is to be expanded relative to standard­
ised pork, marketing weights must be inoreased. 
Plausibility of Marginal Cost Results 
Because heavy hogs have a higher proportion of fat and light hogs 
have a higher portion of leeui, it is superfioially plausible that the 
feed oost of lard is less for heavy hogs than for light ones and that 
pork is cheaper from 11 ;ht hogs. If the joint oost of pork is ignored 
when calculating lard cost, then lard is cheaper from heavy hogs. An 
-75-
additional 100 feed units will produce more lard from heavy hogs than 
from light ones (figure 11), but the problem is, if allowanoe is mads 
for the increase in pork in addition to the lard, will lard be cheaper 
from heavy or from light hogs? Common sense does not provide an inmiedlate 
answer to this question. This is the sort of question, however, that has 
reoeived elaborate attention from eoonomists treating niarginal oost in its 
general aspect. It is important to see if the above results are consistent 
with what would be expected on the basis of general eoonomic principles. 
For an industry under simple or atomistic competition to be in 
equilibrium, increased output must be secured at rising marginal oost and 
dsoreases in output at falling marginal cost. If a firm can increase 
output at falling marginal cost, then it is profitable to expand. If 
marginal cost continues to fall, continued expansion in slee of firms 
will occur euxd atomistic competition will give way to monopoly. Thus 
the axiom, decreasing costs and competition are Incompatible. 
A similar sitviation exists with respect to "joint" products.^ 
If two products are produced "jointly" but not in fixed proportions so 
that the production of one con be expanded at the expense of the other, 
the marginal cost of the expanded product must rise and the marginal cost 
of the contracted product must fall. Any other condition is not a stable 
^Joint products with variable proportions are more accurately 
termed "oonmon" products, but this designation is less familiar* 
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equllibrium situation.^ 
Applying theae prinolplas to pork and lard production, if more pork 
i« to be seoured, the most efficient way ia to rediioe marketing weights and 
increase feurrcfwings. The additional pork will be seoured at rising 
marginal oc»t« as shown in the figure above. If a reduction in pork is 
wanted, the opposite adjustment will aooomplish this at falling marginal 
cost. It oan be shown that an increase in lard produotion will raise 
marginal cost and that a decrease will lower it. 
For the next step, pork and lard are produced "jointly," but the 
proportions of each oan be varied by ohanging marketing; weights. To 
expand pork at the expense of lard, marketing weights must be reduced. 
This will increase the marginal cost of pork and (tocrease the marginal 
cost of lard (figures 14 and 15), whioh is the equilibriun oondition. 
^The three other conditions may be disposed of as followst 
1. If the marginal oost of both the expanded and contracted 
prodiiot fell, then further expansion of the former and contraction of 
the latter would be profitable until ultimately only one of the products 
would be produced. 
2. If the marginal oost of both the expanded and the oontraoted 
product rose, then a new equilibriun would be established by expanding 
the oontraoted produot. 
S. If the mvginal oost of the expanded produot fell and if the 
marginal oost of the contracted produot rose, the proper adjustment 
would be an increase in the production of both products. 
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Considsr the if the marginal cost of lard wero reduosd and 
if pork irer* inoreased with iuoroase in marketing weight* An inorease in 
tli» demand for lard would bring about an inorease in marketing weighti if 
the narginal oost of lard were loweredj the result of the inorease in 
demand for lard would be a reduction in marginal oost and henoe in prioe 
of lard. Increases in demand do not ordinarily result in a deorease in 
prioe* The effeot on pork would bo equally strange* If the marginal oost 
Of pork were raised by the increase in marketing weight* then the prioe of 
pork would be higher as a result of the increase in the demand for lard. 
Further increases in the demand for lard would lower the prioe of lard 
again and raise the prioe of pork—ohanges that seem unreasonable 
equilibrium adjustments to a rise in the demand for lard. Thus, fron 
the considaratioa of general eoonomio principles, the marginal feed oost 
of lard varying directly and of pork varying inversely with marketing 
weight seems Icrical. 
The Effeot of the Breeding Herd on ^ rginal Feed Costs of 
Stazidardlsed Pork and Residual Lard 
The effect of the feed and gain of the breeding herd in influencing 
marginal cost is surprioinf,. Superficially, this seems to belong in the 
oategory of an overhead oost, &nd it is a coimnonplaoe that such charges 
do not affect marginal costs. It is true that onoe pigs are weaned, exoept 
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for fattening the sow for market, the breeding herd costa are "fixed 
008ta** that need not be oonaidsred in dsoiding on the weight to mrket 
the piga (page 31 above). It la not true, howeTer, that tiie breeding 
herd la constant If lard produotion is inoreaaed iiAille pork production 
remaina unohanged, for this involves a reduction in the number of piga 
farrowed and thus a deorease in breeding herd ooata. To secure any given 
ohange in pork (or in lard) the change in ntmber of piga and hence in 
breeding herd will be greater for light-waight hogs than for heavy hogs. 
Consequently, the influence of the breeding herd upon marginal feed costs 
will be greater for lighter hoga. The effect of this on the marginal 
coat of pork is quite different from the effect on the marginal cost of 
lard. IThen lard production la increased, the overhead charge is redtioed 
by 11 percent for the lowest weight ohange and only two percent for the 
highest weight ohange (Table 8 above)* The effect of the large reduction 
in the breeding herd at light weights is to increase the effioienoy of 
lard produotion, thus lowering the marginal coat of lard for light weights 
more than in the upper range. In the case of pork, the large reduction 
in the breeding herd in the lower weight changes--e.g., 29 percent between 
150 and 200 pounds marketing weight—coincides with a reduction in pork. 
Pork produotion is increased only if weighta are lowered, in nAiich case the 
breeding herd is increased) this increase in the breeding herd iriiich is 
less efficient in the uae of feed, increaaea the marginal cost of pork. 
Because the increase in the breeding herd is greater for any unit expansion 
in pork produotion at lower marketing weighta than in the upper range, the 
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•ffeot is to inorVAse the marginal oost of pork more in the lower ranges. 
The tendency to treat the breeding herd as an '^overhead" or constant 
oost that has no effect on the marginal oost of pork and lard is an 
egregious error, and only the more dangerous because it is superficially 
plausible. It lowers the cost of lard and raises the coat of pork, 
espeoially at the lower marketing weights. The differential effect of the 
breeding herd at the various weights is greater than the ohange in the 
efficiency of the butcher hog and is largely responsible for the rise in 
the marginal cost of larii and the fall in the marginal oost of pork with 
inorease in marketing weight. That this is true is shown from the analysis 
below of the butcher hog, excluding or only partially including the breeding 
herd. 
The simplest method (Method I in Table 9), of excluding the breeding 
herd is to omit all the feed and the gain of the breeding herd. This 
leaves only the feed fed to the butcher hog after ^ireaning and the total 
weight of the butcher hog marketed. Note that this method of calculation 
makes no allowanoe for the feed needed to raise a pig to 35 pounds. Thus, 
this type of after-weaning calculation includes the gain of the weanling 
pig but none of the feed needed to raise the pig. This is an error which 
is obvious flrtien attention is called to it; it will be corrected below, 
but the results when compared with succeeding calculations furnish some 
olusa to au understanding of iriarginftl costs. 
The marginal costs figured in this way are in two respects sharply 
different from the previous ones wliich included the breeding herd feed and 
Table 9 
The Effect on the Marginal Fsed Costs of Pork and Lard of Qadttlng 
or Partially Including the Breeding Herd 
(Corn Belt Conditians) 
t t 
Item t IMit i Marketing Weight of Butcher Hog 
» »15(I-17S.17I;-266»26D-225,22J;-25OI256-275I275-SM 
Pounds Pounds Pounds Pounds Pounds Pounds 
Method I (excluding all feed and gain 
of bow)  
Marginal feed cost of lard Feed units 8.07 7.50 6.96 6.79 6.78 6.84 
Marginal feed cost of standard­
ized pork Feed units 5.69 5.76 5.82 5.86 5.86 5.84 
Lard cost of standardised pprk Ratio .71 .79 .84 .86 .86 .85 
Method II (feed and gain after 
weaning) 
Marginal feed cost of lard Feed units 6.45 6.30 6.55 6.44 6.61 6.77 
Marginal feed cost of standard­
ized pork Feed units 6.63 6.65 6.64 6.61 6.54 6.45 
Lard oost of standardised pork Ratio 1.05 1.06 1.05 1.05 .99 .95 
Method III (feed and gain from 
farrowing) 
Marginal feed cost of lard Fsed units 6.07 6.08 6.21 6.36 6.56 6.75 
Marginal feed cost of standard­
ized pork Feed units 6.85 6.85 6.85 6.79 6.73 6.64 
Lard cost of standardized pork Ratio 1.13 1.15 1.10 1.07 1.05 .98 
Method IV (inclusion of all breeding 
herd feed and gain) 
Marginal feed cost of lard Feed units 3.S1 4.60 5.59 5.91 6.34 6.67 
Marginal feed cost of standard­
ized pork Feed units a.45 8.16 7.94 7.76 7.57 7.58 
Lard cost of standardized pork Ratio 2.56 1.77 1.47 1.51 1.19 1.00 
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galn (rapsatad in Table 9 as 2fethod IV}. The marginal ooat is greater fcr 
lard than for pork within the whole range of marketing weights shown; the 
ratio ol" the marginal oosta varies from .71 at the lower weights to .85 in 
the upper range. 7ha oeoond change is that the marginal cost of lard 
decreases with increase in marketing weight wtiile tlie marginal cost of pork 
increases directly with murketini^ weight. Both lard and pork costs change 
in the opposite direotion here from the way they did nhen the breeding herd 
was included. The results shownhere conform to the prevailing notion that 
a pound of lard requires more feed to produce than a pound of pork and to 
the almost equally well accepted notion that the marginal cost of lard 
varies inversely and the cost of pork directly with marketing weight. 
This oaloulation would have some value for fanners who bouj;;ht feeder pigs, 
although they are usually purchased aomewhat older. 
The error in the abovo oaloulation of figuring gain from birth -n^lle 
ignoring -Uie feed from birth to weaning may bo correoted either by inoluding 
the pigs' share of the feed oonsuraed by the now .luring this period or by 
subtracting the gain of the weanling pig from each of the marketing 
weights. The effoct of oithor mettiod of adjustment—both of which are only 
partial since tlisy mke no allowanoe for maintenanoe of the sow diu*ing the 
several months from oonception to weaning of iiie piga—is to lower the 
cost of lard end raise the cost of pork. If adjustment is loade deducting 
the gain made by tho weanling pig from the total weight of the butcher 
hog laarketed (shown as Method II in Table d ), tlie feed oost of lard is 
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alightly lower than pork for iralghta less than 260 pounds, and sllirhtly 
graatar for haavier neighta. If adjustraent is nadB by inoluding feed 
needed to grow a weanling pig (Method III), the marginal feed oost of lard 
is less than for pork up to 275 poimds narketing weight. Thus, the more 
fully the breeding herd oosts are included, the lower the marginal feed 
oosts of lard and the higher the feed oost of standardised pork. Ignoring 
the cost of producing weanling pii^s, standardised pork is cheaper than 
lard, but partially inoluding the overhead makes lard cheaper than pork in 
the more oonunon marketing weights (below 250 pounds), while allowing for 
total feed required and marketable pork produced (Uethod IV) shows lard to 
be considerably cheaper than standardised pork for li(jht and medium 
marketing weights and 20 percent cheaper in the 250-275-pound range. 
The partial oorreotion for the feed needed to grow a weanling pig 
(ifsthod III) provides evidence on another point, the trend of marginal 
oosts with changes in marketing weight. It will be remembered that when 
no allowanoe was made for the feed needed to grow the weanling pig (ifethod 
I), the marginal cost of lard deolinod mth increase in marketing weight 
while the coat of pork increased. The partial correction makes the marginal 
cost of lard a direct function of marketing weight and the marginal oost 
of pork falls very slightly with increase in marketing weight. It can De 
shown that a more complete oorreotion will aooentuute this effect. 
This rather lengthy exposition of partial corrections for feed 
prior to weaning has emphasised its importance in the determination of 
narginal costs. The inclusion of all the feed and all the gains of the 
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braeding hard aooentuatas tha influanoea that haw boan daaoribed for the 
partial oorraotion. The explanation of why lard ooit is lesB than 
atandardised pork and why it inoreaaes with marketing weight doea not 
make theae tentative oouoluaions any leas important. A breeding herd ia 
a neoeaaary oost and one that it is an error to negleot* The general 
oonolusiona are not changed for either a one- or a two-litter-a-year 
ayatein, although in eaoh oase the figure a vary a lightly from the Corn Belt 
average. The influence of the breeding herd is aomewhat greater for the 
one- than for the two-litter syatom, 
Jifeaning and Interpretation of the Marginal Costa 
Basically the meaning of marginal ooat is aimple—the added oost of 
another unit of product* or the reduction in oost from producing one unit 
lesa of product. The farmer who figures whether the gilts that farrowed 
in the spring should be sold for the seasonally high prices in the summer 
or should be bred again for fall farrowing and who debates between planting 
oom or soybeans in a particular field is thinking in terms that are 
equivalent to marginal analysis, in so far as he is using "good business 
sense** or good management. The fact that he has not heard of marginal 
cost and marginal revenue is not very relevant in appraising his action. 
Despite the simple basio idea of marginal oost, ttio calculation was 
seen to be very involved. The extent of its application remains to be 
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demonBtrated. The narglnalB ware first figured by holding feed oonatant, 
then the marginal oost of pork was figured by holding lard oonstant. In 
both cases the number of hof^.s was varied, nill these marginals apply for 
one hog if the marketing weight is changed from 200 to 225 pounds? In 
this case, do the marginals show what change takes place with feed, pork 
and lard all varying? Also, are the marginals appropriate to calculate the 
effect of change in weights and numbers of hogs marketed for the lAiited 
States as a whole whether due to usual market forces or to government 
supported price changes? 
If tho costs that have been calculated under restricted conditions 
apply to the situations mentioned, this suggests that they are "true 
marginal costs" in the general sense that economists tise the term, 
applicable for any given marketing weight or for any projected shift in 
weight regardless of shifts in nimibers and feed consumption. 
The three examples below explore the answers to these questions! 
First example. The change in the feed consumption of a single hog 
between the marketing vreights 200 and 225 pounds is figured by using the 
marginal feed costs of the increase in pork and lard. The feed cost of 
the extra pork and lard should oheck with the feed needed to obtain a 
gain in marketing weight from 200 to 225 pounds. 
The portion of Table 8 above that is needed for examples 1 and 2 is 
repeated in Table 10 together with some additional calculations. The two 
Table 10 
Seleoted Data from Table 8, Used in Sxamples 1 and 2 
Item Oiit 
Live weight 
Change in live weight 
Feed 
Poimd 
do. 
Feed 
units 
175 200 225 250 
25 25 25 
909.5 1,027.7 1.149.9 1.276.4 
Change in feed do. 
Standardized pcnrk Found 
Change in pork do. 
Residual lard do. 
Change in lard do. 
Marginal cost of standard-* 
ized pork 
Marginal cost of 
residual lard 
118.2 122.2 126.5 
99.062 108.702 116.705 122.859 
8.002 6.155 
21.887 30.462 41.238 54.651 
10.366 13.324 
8.165 (8.054) 7.94S 
4.601 (4.997) 5.393 5.911 
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prlnoipa] oaloulatlons needed for the shift in marketing might are as 
follonva 
Increase in pounds of pork X marginal feed oost per lb. « Peed Uhits 
8.002 X 7.943 - 63.56 
Then similarly, for lardt 
10.866 X 5.393 - 66.60 
Total fesd units for pork and lard • 122.16 
The feed required for the increase in pork and lard together is 
122.16 feed units, whioh oheoks with 122.2 feed units required for the 
gain in weifr'ht, shoma at the top of Table 10. 
In this instance the inarginal costs apply even though pork and lard 
both vary. Thus the use of the marginal oost of pork is not limited to 
the simultaneous shifts in numbers and in marketing weight that are 
necessary to calculate it in the first place. This can be verified for 
other shifts in marketing waights, utilising the data in Table 8. 
Second example. Using the marginal feed costs, the feed required 
for the pork and lard obtained from a 2C)0-pound hog may be compared with 
the feed consumption shOTvn at the top of the table, i'eginninf^ with pork, 
note that there is no marginal oost figiired at 200 pounds, but tJila can be 
calculated by averaging the marginals Tor 175-200 and for 200-225, whioh 
^Hhile the calculations are not aoourate oeyond the first decimal 
place, it is important to test the accuracy of the method in the example 
and to eliminate the errors in rounding. For this reason three decimal 
places are shown. 
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yield! the figure shoim in parentheses. The oaloulatlons then aret 
Pork — 108.702 X 8.054 - 875.49 Peed Units 
Lard — 50.462 X 4.997 - 162.22 Feed Units 
Total feed units for pork 
and lard • 1,027.71 Feed Units 
The total feed oost of the pork and h rd oaloulated from the marginals 
oheok with the feed required per pig marketed at 200 pounds, whioh is 
1027.7 feed units. The same holds true for the other marketing weights. 
Thtu the marginal oosts are as valid for a given marketing weight as for 
a ohange in vreight. Straight line interpolation of the two adjaoent 
marginals for 2S-pound intervals in marketing weight yields aoourate 
answers for a given weight. 
Third example. A ohange in marketing wei^ts and in nindiers for 
the Uhited States as a whole. The 1943-44 goal for hogs announoed late 
in 1943 asked that hogs be marketed 25 pounds lighter in 1943-44 than th« 
previous year and that farrowings be reduced about 17 percent. Tho effects 
of such a ohange in hog production will be examined by the results obtained 
above. 
In the marketing yoar October 1942-September 1945, the difference 
between the weight (1) of all hogs and (2) of barrows and gilts p\u*ohasad 
at 7 markets was 20 pounds^, whioh oheoks with the 20.3 pounds figured 
above as the normal Oorn Bait differential^. The goal whioh suggests 
^Livestock, Meat, and Wool Statistios, F.D.A., U.S.D.A. Calculation 
based on monthly data. 
^This estimate is adjusted for farm and local slaughter. 
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lowerlng all slaughter weights from 256 to 230 pounds will be assumed to 
mean that the Heights of bau'rows and gilts will be lowered from 235 to 210 
pounds whioh is not preolsely the same, but is the nearest round figure. 
A 17 peroent reduction in farrowingB would be aooomplished by an 
inorease in sows and boars marketed as the breeding herd is reduoedi 
similarly a later increase in farrowLngs when hogs are again increased 
would at first reduce the slaughter of sows. This time lag in the slaughter 
of sows is not an unimportant influence on the meat supply during rapid 
changes in number of pigs farrowed. Thus the 17 peroent reduction in 
farrowings will mean a smaller decrease in total slaughter during the year 
in which it is aooomplished. Significant as this is for the meat supply 
it does not represent new "production" of pork from feed but rather a 
liquidation of pork already converted from feed but just not marketed 
("stored" in the bow*s body). Since the marketing of the larger number of 
sows at an early date rather than a later date affects the feed supply 
only indirectly, the effect of the liquidation of breeding herds on the 
meat supply will not bo figured here.^ 
All the calculations are on a per-pig basis. The total effect on 
t>ie feed supply can be readily calculated from currently published 
fig\a*es on hog numbers. 
^The information for figuring the changes is all included in the 
Appendix. 
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The effeots of a reduotlon In farrowlnga of 17 percent are direct and 
straight forifard—>17 percent less feed consumption and pork and lard pro­
duction. For hoca averaging 255 pounds, which is 235 pounds for barrows 
and gilts only, 1,200 feed units are required and the yield is 119 pounds 
standardised pork und 46 pounds residual fat. 
The lowering of the average slaughter weight of all barrows and gilta 
from 235 to 210 pounds, which is approximately the same as changing all 
hogs slaughtered from 255 to 230 pounds will have the effects shown in 
Table 11. This reduction in live weight of 9*8 percent effects a decrease 
in feed consumption of 10.3 percent, vdiile edible pork and lard fall 11.5 
percent. Standardised pork is reduced only 6.1 percent as contrasted with 
26.6 percent for residual fat. The pork reduction amounts to 7.3 pounds 
per hog while residual fat declines 11.8 pounds. 
By the method used in Table 8 the marginal cost of standardised pork 
and residual f^t was determined for the interval 235-210 povinds for 
butcher hogs (Table 11). That these marginal costs are oorreot can be 
demonstrated by multiplying the oliange in pork and in lard by their 
respective marginal costs to obtain total feed reduction. 
7.284 pounds pork X 7.874 feed units - 57.35 feed units 
11.842 pounds lard X 5.600 feed units * 66.32 feed units 
Total reduction in feed units • 123.67 feed units 
The reduction figured in this way is 123.67 feed units as compared 
with 123.62, shown in Table 11. In example 2, it was found that 
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Tia>le 11 
Bffeot of Reducing Average Marketing Weight of all Hoge 
R*om 255 to 230 Pounds (Approx.} 
Raduotion 
Live weight 
Including sow 
Barrom and gilts 
only 
Feed 
Qressed weight 
Edible pork and lard 
Standardised pork 
Residual lard 
Pounds 
do. 
Feed 
units 
do. 
do. 
do. 
liu>ginal feed cost of Feed 
Standardised pork units 
Residual lard Peed 
units 
255 
235 
230 
210 
1199.78 1078.11 
Founds 198.40 177.28 
165.75 
119.39 
46.36 
146.64 
112.11 
34.53 
7,87 
5.60 
Amounts 
25 
25 
123.62 
21.11 
19.12 
7.28 
11.84 
Peroent 
9.80 
10.64 
10.30 
10.64 
11.53 
6.10 
26.64 
interpolation of the marginal ooats shown in Table 8 yielded aoourate 
•alues. In this example« the sane is truet marginal oosts do not have 
to be reoaloulated in the roundabout method of Table 11« but oan be 
obtained by interpolation (as with logarithms, tables of square, eto.}• 
There remains to be oonsidered the marginal oost ratios in referenoe 
to m«u*ginal values of standardized pork and residual lard. It has been 
shown that the raarginal oosts oan bo figxired for any marketing weight or 
shift in weight. It oan be shown that maximun produotion from given 
resources (feed) is aohieved if the ratio of the marginal oosts of two 
produots produced together but not in fixed proportions is eqvial to the 
ratio of their marginal values. In suoh an example as the one here, since 
the goyemmont is suggesting the shift in marketing weights, the values 
should be marginal social values. Let's see what happened to the ratio 
of marginal oosts. 
At 255 po\md8 the ratio of the marginal costs was li«C.PDrk_ , 
M.d.Urd 
At this weight then an additional poiind of pork oould be obtained at the 
expense of 1.33 pounds of lard. For the shift in weights from 255 to 230, 
the ratio inoreases to 1.42 as an average for this weight range. At 230 
the ratio is 1.50. Thus, if a pounds of standardieed pork is about as 
valuable as one and one-balf pounds of residual lard, the marketing weight 
that will maximize produotion from a given feed supply is approximately 
230 pounds for all hogs slaughtered or about 210 pounds for all barrows 
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and gilts* It oan be shown that if standardised pork is more than one 
and one-half times as valuable as lard, a marketing wei^^ht of less than 
230 pounds will produce a more valuable combination of pork and lard 
than 2S0 pounds or heavier from any given feed supply. Similarly, if 
pork is less than one and one-half tises as valuable as l&rd, a marks'ting 
weight above 230 pounds will maximize production* 
For such comparisons a few limitations of the above analysis should 
be remembered! (1) No difference in percentage waste by consumers is 
figured for hogs of various weights. (2) A pound of standardised pork 
averages about 10 percent more edible meat than a pound of pork purchased 
by the consumer. (3) All these results are tentative, awaiting addi­
tional information on hog composition especially. The appropriate 
sampling errors are not available. 
Application of iitorginal Cost Relationships 
Knowledge of the output of pork and of lard at various marketing 
weights and the feed cost of shifts in the proportions of each produced 
make possible soma refinements in crop yield comparisons. A good example 
is soybeans and oorn. Both are grown on the same type of land, soybeans 
furnishing oil and meal used for feed, and corn providing feed which is 
in part used to obtain lard in addition to pork. As an illustration, the 
1937-41 average yield of soybeans and of corn for the Corn Belt will be 
compared, using both the average and the marginal output relationships 
that have been developed. 
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Tha food production from eaoh will be masiired by aBsuralng th&t th« 
oil la first pressed from tho soybeans and that the meal is fed in a 
balanced ration to hogs.^ Similarly, the com is fed to hogs* 
Comparison based on hogs marketed at 226 pounds 
Using 1937-41 average yields, an aore of soybeans in the Corn Belt 
will yield about 154 pounds refined oil and 870 pounds meal, whioh has a 
feeding value of 1,520 pounds of oorn-equivalent in a balanced ration 
for hogs.^ This feed will produce 154 pounds standardised pork and 55 
pounds lard, or a total of 208 pounds of fat from one aore of soybeans. 
An aore of corn will produce 261 pounds standardized pork and 89 pounds 
lard. Thus soybeans yield more fat and less pork per aore than oorn. 
If the pork and fat are added together, soybeans produce 363 pounds 
edible product and oorn 340 pounds. The standardized pork includes only 
the edible portion, excluding skin and bone. Using dressed oaroass 
weight, whioh is a closer approximation to pork as purchased in retail 
trade, soybeans produoe 251 pounds of dressed oaroass and, including the 
oil produced, a total product of 405 pounds as compared to 408 pounds 
from an aore of corn. These results are summarized in Table 12. 
^Thus this oomparison does not involve the direot use of either 
soybeans or soya floxir food. 
^Using Jennings* conversion of 1.75 pound corn-equivalent for 
pound of soybean meal. U.S.D.A. Giro. 670. 
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Tabla 12 
OomparlBon of Fork and Fbt Produotlon from an Aore of 
Soybeans and of Com Using Corn Belt Yields 1957-41* 
Soybean liaal and Corn Eaoh Fed in Balanced Ration 
i t 
Product t Soybeans t Corn 
« I 
Refined oil 1&3.85 
Standardised pork 1B4.80 260.92 
Residual fat, lard basis 54.64 88.96 
Lard plus oil 208.49 
Total edible product 
(Standardised pork plus lard and oil) 362.79 339.88 
Dressed carcass weight 231.11 406.37 
Total product (carcass plus oil) 404.96 408.37 
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Suoh oompairisoiu have the merit of meaiuring the total food produced 
in terns of only two produota—s tandardiied pork and fat* or oaroaaa 
weight and oil. If a -ralue ratio oan be determined for pork and lard* 
then the value of the product from corn and from soybeans oan be deter­
mined. But this ratio is not easily determined, and it is subject to 
•ariation} a comparison in nhioh no suoh ratio is needed would have a 
distinct advantage. Tlie use of the marginal relationships makes possible 
suoh a comparison and indicates the change in marketing weights und in 
farrowings that will be needed. If more pork is desired instead of 
additional lard, reduction in marketing v/eights as shown in the next 
seotion will aooomplish ttiis. If more fat is wanted, however, the com­
parison shown in the second seotion below is appropriate* 
Oonparisen based on lowering the weight at uriiich hogs are marketed 
If soybeans are regarded as a source of fat and oorn as providing 
feed for pork production, among other uses, there is little basis for 
comparison of the two crops which compete for the limited acreage of 
Oorn-Belt tillable soil. Soybean meal is an important protein feed in 
pork production, however, and the lard yield of hogs is an important 
part of the edible fat supply. Under some oonditions it might be desirable 
to increase pork production at the expense of fat. If, e.g., a pound of 
standardised pork is twice as valuable as a pound of fat, both soybeans 
and.corn will produce more food if they are used to increase pork produc­
tion at the expense of fat. For soybeans this would mean: that, first. 
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the oil would bo extr&ot«d and then the meal fed to hogsj but the 
marketing weight of hogs would be reduced, irtiioh would inoreaae pork and 
reduoe fat production. The aane amount of feed that is needed to market 
88 hoga at 250 pounds will feed 36 hogs to 226 pounds. The fat production 
from the heavier hoga will exoeed that from the lighter hogs by an amount 
api>roxiinately equal to the oil yield from an aore of aoybeana. Thus, if 
additional aoybeana are grown and in the aame year farrowinga are inoreaaed 
slightly and marketing weighta reduced appropriately, total fat production 
can be maintained and the net effect of the soybeans is to increase pork 
production. Similarly, corn can be fed so aa to increase pork, leaving 
lard production unaffected. Vthen both are used solely to increase pork 
production, they can be compared directly. Uaing the 1937-41 average 
yielda for the Corn Belt, in the marketing range between 225 and 260 
pounds, aoybeana will produce 313 pounds of standardized pork and corn 
will yield 319 pounds, or two percent more. This is based on a corn 
yield 2.25 times as inany bushels as soybeans. Dividizig 2.25 by 102 
equals 2.20, the critical yield ratio. If corn yields 2.20 times aa 
many buahela per aore aa aoybeana, the pork yield that can be obtained 
from each fed to hoga marketed in the 226 to 250 pound weight range is 
•qual.^ 
If the net pork productionfron soybeans is compared with the fat and 
pork production from soybeans when the meal is fed to 225-pound hogs, the 
conditions under which the lowering of weights will produce more food uan 
^This is based on the aaaumption of a protein aupply not greatly 
different from that prevailing in recent yeara. 
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b« seen. At 225 pounda inarlceting ifolght, the soybeans produced 154 
poianda of atandardited pork and 208 pounda fat aa oompared with 31S 
pounda of pork for the reduotion in weight* If atandardited pork ia 1.6 
aa valuable aa fat, the reduotion in weight of hogs to obtain a maximum 
of pork ia alightly more productive. Thua, the conditions necessary to 
make the use of soybeans (meal) to get increased pork instead of lard 
are not unreasonable ones. 
Comparison based on increasing the weight at whioh hogs are marketed 
Soybeans and corn (via hogs) are both important sources of fat. If 
one potind of fat is aa valuable as one pound of edible pork (standardiced}* 
the product from an acre of corn or soybeans will be greater if used to 
yield fat exclvtsively, with no change in pork yield. This can be 
aooompliahed by a sli|;ht reduction in farrowings and a small increase in 
the marketing weight of hogs. 
Using 1937-41 average yields Tor the Corn Belt, an acre of soybeans 
will yield 411 pciinds of fat (including oil) if fed to increase marketing 
weights of hogs in the 225-260-pound weight range while com will yield 
418 pounds or two percent more. 
The ratio of the fat yields oi' soybeans and of corn is the same as 
the ratio of the pork yields shown above (p. 98). The critical ratio, 
then, that was developed for pork is also valid for fat, a fact iirtiioh 
suggests that for combinations in which some fat and some atandardited 
pork is desired, the ratio would be equally valid. 
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Th* orltioal ratio roentionsd is an eaaential datum in determination 
of production prof^rams inTolving corn and soybean acreage and marketing 
weights for hogs, but it io not immediately applicable for four reasons, 
lAiioh will bo discussed in turn. 
1* The ratio computed applies to tlie Corn Bait as a wtiole, but 
should be developed for small areas to assure homogeneity, and 
to determine the areas in which soybeans have the greatest 
advantage relative to oorn. As a first step in applying the 
critical ratio to small areas, it was calculated for each of 
the five Corn belt States based on 1937-41 yields. They ranged 
from a low of 2.24 for Illinois to 2.54 for Iowa. Smaller 
areas should be compared befoi:*e definite oonolusions can be 
drawn. 
2. The ratio is based upon a specific range of marketing weights 
for butcher hogs, and will vai^ with changes in slaughter 
weights. Thus, for the 200 to 225-pound range, oorn out-
yields soybeans either in standardised pork or in fat pro­
duction by five percent as compared with two percent for 
225-260 pounds marketing range. The critical yield ratio 
drops to 2.14 for the lower weights. 
S. The yield ratios of corn and soybeans for the Corn Belt and 
for three (Illinois, Missouri, and Ohio) of the five Corn Belt 
States are all less than five percent above the critical ratio. 
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Thla dlfferenoa is -wry small in view of the following linita-
tidnsI 
(1) The yield of soybeans an<v'or of oom may change due to 
new varieties, new cropping systems, eto. 
(2) Oil yield per bushel of soybeans may change, either by 
new varieties or improved crushing. 
(3) Pork and fat production per 100 feed units is subject to 
some error) they may change with imp-oved feeding and 
breeding. 
(4) Fat pork such as fat backs, clear plates, eto., is assumed 
to have its rendered fat value even though not rendered. 
(5) No estimate is made of the waste of fat by consumers. 
Informal observation suggests that the loss is signifioant. 
Contrary to the usual notion, the percentage loss is 
probably little affected by changes in marketing weight. 
(8) No estimate in made of the value of the inedible offal 
from hogs. In maximising pork production the inedible 
product will be larger than the usual proportion of 
inedible to ediblej in increasing fat production the 
inedible product will be smaller than luual. 
These several limitations show that the critical ratio 
cannot be determined with precision and that it will vary with 
technological changes, but they should not obsoure the fact 
that the best current estimate is the one given above. 
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Tlie ratio takes into oonai deration only one faotor of pro­
duction—-land. No allowance has been made for the difference 
in labor required or aTailability of agrioultural impleraenta 
needed in production. Prooesaing and distribution are like­
wise not investigated. Agrioultural policy should include 
these considerations. 
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SUMMARY AND COKCLUSIOHS 
As th« 11T« might of hogs inoreasss, largsr quantitlss of feed are 
required per pound of gain, but for tuo reasons the increase in feed 
requirernents is less irp.pcrtsnt than I.9 sometimes implied. First, if 
feed units are used instead of pounds of feed, the rationa fed to light 
and to heavy hogs are more comparable both in nutritive value and in 
oost* The increase in feed requirements as hogs mature is only half as 
great in feed units as in pounds of feed* The second reason is that in 
planning: for a year in the future the tentative most profitable laarketing 
weight is influenced not only by the feed requirements of the butcher 
hog but also of the breeding herd. 
Using the feed requirements per 100 pounds live weight for 225-
pound hogs as an index of 100, the index for the feed required per 100 
pounds gain for the change in weight from 200 to 225 pounds is 104 and 
for 225 to 250 pounds is 107. About 10 percent mors feed is needed per 
hundredveignt gain between 225 and 275 pounds than is required to produce 
a 225-pound hog* 
For the short-time deoT«ion on thn i^ost nrofitable marketing 
weight the feed cost oompariaons between lighter waiuhts and heavier 
weights are not necessary* Comparisons should be made between the total 
costs of keeping the hog for a given period against the increase in 
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ralua of th» hog« nalciixg allowanoa for the ueual aeaaonftl ohangea and for 
dlaoounts or premiums on heavier weights. Prioe oomparisons for different 
weight hogs must allow for growth. For example, pigs farrowed in April 
average 150 pounds in October, 200 pounds in November and 250 pounds in 
Daoember. These prioes, then, are the appropriate ones to use in deter­
mining whether hogs should be held to heavier weights. 
In determining the total feed oosts of producing hogs the feed and 
gain of the breeding herd must be included. The final figures show that 
290 feed units are needed per butoher hog marketed to produce a weanling 
pig of 35 pounds that will reaoh marketing weightj a 20-pound live-weight 
gain for the breeding herd is included. 
It is estimated that 468 feed units are required to produce 100 
pounds of marketable pork. The largest live-weight pork output per 
hundred feed units is in the 150- to 200-pound marketing range but produc­
tion decreases only two and one-half percent in efficiency from 175 to 
275 povinds. On the marginal basis, the decrease in the aaiie ran^ is 14 
percent. The maximum output of dressed carcass per hundred feed units is 
obtained in the marketing range 225 to 276 pounds, about 75 pounds heavier 
than the output measured on a live-weight basis. Carcass produced per 
hundred feed units increases about one percent between 200 and 250 pounds 
marketing weight and decreases about one percent between 250 and 300 
pounds. The decrease in the marginal output of carcass between 250 and 
300 pounds amounts to 7 percent. The output of edible product (standard-
iced pork plus lard) per hundred feed units increases throughout the range 
of data, although at a decreasing rate. This does not provide the answer 
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to the most efflolent siarketLng weight, baoauB* of the ohauging ooo^o-
•ition of the oaroaaa* 
The most appropriate way to oonqpare output for hogs of different 
marketing weights is to uae a pork yield that has the same oomposition 
for hogs of various marketing weights. If heavy oaroasses are trimmed 
more closely and light hogs less olosely, pork yield of approximately 
standardiEOd oomposition oan be obtained in addition to the residual fat, 
lard equivalent. This standardised pork is used Tor all oomparisons, but 
its validity as a measure of output is not limited to its praotioal use. 
For barrows ana gilts marketed at 200 ^^ounds, 78 percent of the total 
edible product is standardized pork (while the remainder is residual fat) 
but only half of the additional product is pork. At 250 poimds almost 
70 percent of the total edible product is standardised pork but only OQe» 
fourth of the additional. 
The possibility of obtaining pork and lard in various proportions 
makes possible the determination of the marginal feed costs of eaoh. 
By varying the number of pigs farrowed and the marketing weights, pork 
produotion oan be laaintainad while lard production and feed vary. The 
marginal cost of lard oan then be obtained by dividing tlio change in feed 
vmits by the change in lard output. The marginal feed costs of pork oan 
be obtained in an analogous loanner. Using these methods the marginal 
feed oost of lard was found to be less than tlie marginal feed oost 
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of standardised pork for the usual range of marketing weightB. The 
marginal feed oo«t of lard varies dlreotly and the oost of pork varies 
Inversely with marketing weight. The lower ooat of lard than of pork 
Is mainly due to the inolusion of the breeding herd. Wliile the breeding 
hard is somstltnos thou{;ht of as an overhead cost, it has an important 
influence upon the marginal feed oost of ^^ork and of lard. 
The marginal feed oosts oaloulated under restricted oonditions in 
whloh either the output of pork or of lard la hold constant are applicable 
to wider situations. They oan be used to detemine (l) the change in feed 
consumption for a single hog between any two marketing weights, although 
both pork and lard vary simultaneously, (2) the feed needed to produce a 
hog of any given weight, and (3) the change in feed consumption accompany­
ing simultaneovis shifts in both numbers of hogs and marketing weights* 
The marginal oosts determined for 25-pound intervals may be interpolated 
with reasonable accuracy. 
In planning optimum pork and lard production from the standpoint 
of food needs, food production from limited feed will be maximlred when 
the ratio of the marginal cost of pork and lard is equal to the ratio of 
their value; this is true for any value scale that is adopted. 
The marginal oost relationship may be used to compare yields from 
alternate crops grown on the sane land. As an Illustration, the 1937-41 
average yield of soybeans tmd of corn for the Corn bolt are compared. 
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Assuming that th« oil from the loyboans is first extraoted and that the 
toeal is fed in a balanced ration to hogs, if hogs are marketed at 225 
pounds, an aore of soybeans will produoe 154 pounds refinrd oil, 164 
pounds of standardized pork, and 55 pounds of residual fat, lard basis. 
An aore of oorn will produoe 250 pounds of standardised pork and QO 
pounds of residual fat, lard basis. 
By reducing Marketing weight it is possible to utilise both the 
soybeans and corn to produoo additional pork with no net change in lard 
and oil production. If tMs is done, oorn will produoe about two percent 
more pork than soybeans. If, instead of increasing pork prodvtotion, it 
is decided to maximise tiio fat that can be obtained from an acre, oorn 
will again ^a-oduoe two percent more fat than soybeans. In both oases 
production is equalised if jom yields 2.20 times as many Lusliels as 
soybeans. These figures are all based on the marketing range 225 to 
260 pounds for barrows and gilta. 
The yield ratios for oorn and soybeans in the five Corn Belt States 
range from a low of 2.24 for Illinois to 2.64 for Iowa. 
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Table 1 
OrowUi Ounre for Hog# 
Oompertc Curve Based on 800 Hogs in 12 Bxperinsnts 
i Weight 
Age Prom Birth t 
t Actual j Estimated^ 
Days Pounds Pounds 
0 2.9 0 
60.0 85.0 32.0 
95.0 64.8 64.0 
118.6 92.4 92.6 
188.0 119.8 120.0 
154.9 145.0 145.9 
170.1 169.7 170.8 
184.0 198.8 198.8 
197.2 215.9 215.4 
210.0 237.5 286.8 
222.4 258.8 257.4 
284.7 278.2 277.5 
246.8 297.4 296.8 
268.8 315.7 815.4 
270.7 888.2 388.2 
282.6 350.1 850.8 
294.4 866.8 866.5 
800.0 874.0 
350.0 432.5 
400.0 477.4 
460.0 510.5 
500.0 534.2 
600.0 562.6 
700.0 576.2 
900.0 585.5 
^Formula uaadt 588(.009718) where W is estimated 
weight and A the age in days from birth. 
Table 2 
Feed and Oaln After Weaning 
Fitted Data for Baoh of the 12 Experisents per Pig Baaia 
Adjusted to Weaning rVei^ht of 55 Pounds 
t Iowa t Iowa : Iowa > Iowa i Iowa t Iowa i Ohio i Ohio t illlinolstXllinoistiSLssourl 
t Expe t Bzp. } Exp. i Exp. t Exp. : Fixp. i Kxp. t Exp. t Purdue} Inter- s tBulletia 
Conoen- i 157B : 288 t 265 t 509 i 502 t 157 i 809 i 820 t i mediatei Rangy i Ho.78 
trates t Live i Live i Live i Live > Live t Live t Live i Live t Live t Live t LITO t Live 
i'iVeight»iVeight»Weightt^eighttWeightiVVeight<WeighttWeightt Weightt Weight t Weight i Weight 
Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Poimd* 
0 35.0 55.0 35.0 55.0 35.0 55.0 55.0 35.0 35.0 55.0 55.0 55.0 
100 61.7 66.6 62.6 65.2 62.7 62.9 62.2 61.5 67.7 64.5 65.5 69.9 
200 87.6 96.6 89.4 95.9 89.6 39.5 88.7 87.4 98.2 92.8 90.7 91.2 
500 112.8 125.4 115.5 121.2 115.7 114.9 114.4 112.6 126.8 120.0 117.1 117.2 
400 157.2 152.8 140.9 147.5 140.9 159.2 159.4 137.5 155.6 146.1 142.6 141.9 
500 161.0 179.0 165.6 172.1 165.4 162.4 165.6 161.5 178.7 171.1 167.5 165.3 
600 184.1 204.0 189.6 195.7 189.2 184.5 187.2 184.7 202.2 195.2 191.1 187.6 
700 206.5 227.9 215.0 218.2 212.2 205.6 210.1 207.5 224.1 218.5 214.1 208.6 
800 228.2 250.7 255.7 259.6 234.6 225.8 252.3 229.7 244.7 240.4 256.5 228.6 
900 249.5 272.4 257.9 260.0 256.2 245.0 253.9 251.5 265.9 261.7 257.8 247.6 
1000 269.9 295.2 279.4 279.4 277.2 265.4 274.9 272.6 281.9 282.1 278.5 265.7 
1100 289.8 515.1 500.4 297.9 297.6 280.9 295.5 295.3 298.8 501.7 298.5 282.8 
1200 509.1 552.0 320.8 315.5 517.5 297.7 515.1 513.4 314.6 520.5 517.9 299.0 
1500 527.9 550.1 540.6 332.2 556.5 515.6 554.5 333.0 529.5 558.6 556.6 314.5 
1400 546.2 567.4 359.9 348.2 555.0 528.9 553.0 552.2 545.1 556.0 554.6 329.1 
1500 565.9 585.9 578.7 565.4 575.0 545.5 571.1 570.8 556.1 372.6 572.1 343.0 
Standard 
Error of 
Estimate 15.1 24.4 15.6 8.4 25.9 24.5 7.9 6.7 15.9 6.7 5.2 9.6 
Iowa data unpublished} Ohio data unpulilished* experiments by W. L. Robison; Purdue data unpublished} 
Illinois data from the University of Illinois Agr. Expt. Sta. Bulletin No. 521, May 1929, by W.B. 
Carroll, et alj Missouri data from the Iftiiversity of Missouri Agr, Bxpt. Sta. Research Bulletin 
Ho. 75, January 1S25, by A. G. Hogan, et al. 
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Tabl* 5 
Peed After Weening and Live-Weight Relationahip With 
Standard Error of Foreoaat for a Lot of 60 Hog* 
Average of 12 Experiments Involving 800 Hogs Full Fed in Dry Lot 
' ' Standard Error of 
Peed * Live Weight ' Foreoaat far a 
' » Lot of 80 Hog« 
! I 
Pounds Pounda Pounds 
0 35.0 0 
100 64.8 6.8 
200 92.4 12.0 
300 119.8 16.9 
400 146.0 21.6 
600 189.7 26.7 
600 198.8 29.7 
700 216.9 33.8 
800 287.6 86.8 
900 268.8 40.0 
1000 278.2 43.0 
1100 297.4 46.8 
1200 816.7 48.8 
1300 883.2 50.7 
1400 360.1 62.9 
1600 366.8 66.0 
LITB 
Weigh 
Pound 
35 
50 
75 
100 
12S 
150 
175 
200 
225 
250 
275 
SOO 
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Table 4a 
Fleed«Liv«>1feight Relationahip for Hoga 
Total Baaed on Pounds of Feed and Feed Units 
And Inoremental Based on F\Bed IMita 
Total Baaia t Inoremental Basia 
« Feed After Weaning > Foed After t Gain in Live Weight per 
I ^ t Weaning ilOO Additional Fbed Units 
Feed Uiita Pounds Feed Units Pounds 
0 0 
32.3 23.2 
64.7 50.7 
118.8 23.1 
172.8 137.5 
227.3 22.9 
281.8 227.8 
337.0 22.7 
392.1 321.7 
448.4 22.2 
504.5 419.6 
562.1 21,7 
619.5 521.7 
678.6 21.2 
7S7.7 628.5 
798.8 20.B 
859,8 740.6 
923.1 19.8 
986.8 868.1 
1052.4 18.9 
1118.3 982.0 
1187.3 18.1 
1256.3 1112.8 
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Tabl« 4b 
F0ad-liiTe>W«lght Relationahlp for Hog* 
Inoreinantal Based on Pounds of Feed 
t Inorenontal Basis 
Feed After Weaning t 
t 
Gain in Liire Weight per 100 
Additional Raunda of Peed 
Pounds Potmd* 
0 29.95 
100 28.69 
200 27.49 
500 26.58 
400 25.2S 
600 24.17 
600 25.16 
700 22.19 
800 21.26 
900 20.87 
1000 19.61 
XlOO 18.69 
1200 17.90 
1300 17.15 
1400 16.48 
1500 16.73 
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Tabls 5 
lisnthly Rrioes of Good sad Oholoe Hogs, Chicago, Averages 
For Seven liurketlng Years, 1984-41, Adjusted at Indicated 
Ifeights to Twelve Calendar-Tear Averages, 1980-41 
Basis of Monthly Prioes for 210-Pound Hogs^ 
I Prioes per Hundredweight at Indioated 
Marketing Month 1 Uarketing Weight 8 
t 150 1 206 t i50 t Sdb t 340 
October 17.01 $7.62 i7,72 47.56 47.17 
November 6.61 7.05 7.09 7.08 6.81 
Deoember 6.58 6.93 6.89 6.77 G.61 
January 6.94 7.20 7.04 6.86 6.68 
F^sbruary 7.10 7.82 7,88 7.20 6.85 
liaroh 7.17 7.68 7.58 7.84 7.05 
April 7.07 7.45 7.89 7.21 6.98 
7.01 7.48 7.40 7.28 6.96 
June 7.20 7.65 7.61 7.89 7.06 
July 7.82 8.81 8.09 7.61 7.11 
Atigust 7.84 8.56 8.42 7.96 7.47 
September 7.76 8.56 8.58 8.28 7.90 
The adjuBtment to 1980-41 prioes is in order to remove secular trend 
from prioes for 1934-41. Information on weight classes previous to 1934 
not comparable with 1934-41 data. 
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Table 6 
A-wrag* Ohioago Frioss for Tears 19S4-41 (Adjiutad)^ for Hogi 
Of Indicated Weights Arranged to Show the Differences 
In Prloes When )larketed at Lower or Higher Weights 
Ifonth t itonth i Firioes at Indloated treighis 
of 
Farrowing 
t of 1 
t Marketing^ i 150 J 200 J 250 J 300 J 540 
April October 1 7.01 
Ifcy November S.61 3 7.08 
June Dsoeniber 6.68 6.93 1 6«89 
July January 6.94 7.20 7.04 1 6.86 
August Psbrutiry 7.10 7.52 7.58 7.20 1 6.86 
September March 7.17 7.63 7.53 7.34 7.05 
October April 7.07 7.45 7.39 7.21 6.95 
November Hay 7.01 7.43 7.40 7.23 6.95 
December June 7.20 7.65 7.61 7.59 7.06 
January July 7.82 8.31 8.09 7.61 7.11 
February August 7.84 8.56 8.42 7.96 7.47 
Msroh September 7.76 8.56 3.58 8.28 7.90 
(April) (October) 7.62 7.72 7.56 7.17 
(Ifciy) (Novaiaber) 7.09 7.03 6.81 
(June) (Oeoember) 6.77 6.51 
(July) (January) 6.58 
^Por explanation of adjustment see Table 5. 
^Hogs farrowed in April under average Corn Belt conditions may be 
marketed at 150 poun<is in October, 200 pounds in November, 250 pounds in 
December, 300 pounds in January, or 340 pounds in February. This is based 
on hogs that are finished on full feed but that are not full fed from 
weaning. 
Tabla 7 
LITB Weight, Qfessed Weight, and Pork and Lard Froduotiaa Per 
100 Feed l&iits at Indicated Iferketing Weights—Com Belt 
Conditions; Includes Breeding Herd 
Iteai 
Data for Barrows and Qilta Weighing 
* 150 * 175 * 200 ' 225 * 250 * 275 * 300 t  t  t  t  t i t  
Pounds fbunds Pounds Pounds Pounds Pounds Pounds 
Liva weight 
Average 
Additional^ 
21.4 21.5 21.4 21.3 21.2 21.0 20.7 
21.7 21.2 20.5 19.8 18.9 18.1 
I]k'e88ed irei^t 
Average 
Additional^ 
16.1 16.5 16.4 16.5 16.5 16.5 16.4 
17.7 17.6 17.2 16.8 16.2 15.5 
-a 
I 
Edible pork and lard 
Avorage 
Additional^ 
13.0 13.3 13.5 13.7 13.9 14.0 14.1 
15.2 15.4 15.4 15.4 15.2 14.8 
The additioual product represents the increase in product per 100 additional feed units for a 
change in marketing weight of 25 pounds; e.g., eaoh 100 feed units fed to hogs between 150 and 175 
pounds increases live weight 21.7 poinds. 
Table 8 
Output as Rel&ted to Input, per Hog Basis—Com Bait 
Conditions; Includes Breeding Herd 
Item Unit 150 
Data for Barrows and Oilts Weighing" 
175 200 225 250 275 300 
Inputs 
Peed 
Output* 
Feed unit 794.6 909.5 1027.7 1149,9 1276.4 1406.5 
Inedible portion: 
Skin and bona do. 20.1 22.1 23.6 24.5 25.1 24.9 
1546.9 
Live weight Pounds 170.3 195.3 220.3 245.3 270.3 295.3 320.8 
Dressed weight do. 127.8 148.2 168.9 189.9 211.2 232.5 253.9 
Edible portion do. 107.7 126.1 145.3 165.4 186.1 207.6 229.7 
Separable fat do. 54.4 65.6 77.9 91.6 106.4 122.6 139.9 
Separable lean do. 53.3 60.5 67.4 73.8 79.7 85.0 89.8 
24.2 
Table 9 
Pork and Lu-d Yield from Three Ways of Cutting in Relatioa 
to Live Weight at Slaughter 
Iten Unit Slaughter Data 
Standardised outtingl 
Lire veight 
Raago 
Average 
Pork yield in percent of live weight 
Cutting fat (lard equivalent) 
in percent of live vreight 
Copimeroial practice^ 
Live iraight 
Range 
Average 
Pork yield in percent of live weight 
Lard yield in percent of live weight 
Standardited pork and residual ftii? 
Live weight 
Average 
Standardized pork yield in percent 
of live weight 
Residual fat, (lard equivalent) 
percent of live weight 
Fbund 
Pound 
Parcent 
Less than 130 
106 
60.4 
Percent 5.8 
130-159 
146 
62.2  
S.9 
160-199 
183 
61.4 
10.3 
200-249 
218 
60.8 
12.6 
250 and over 
289 
60.3 
14.8 
Pound 
Pound 
Percent 
Paroent 
Pound 
180-220 
200 
54.9 
15.1 
150 
220-240 
230 
57.9 
13.6 
175 
240-270 
255 
59.5 
12.7 
200 
270-300 
285 
60.9 
12.1 
S00>360 
330 
61.8 
11.7 
225 250 275 300 
Barcent 58.6 
Percent 10.3 
56.6 
12.5 
54.4 
15.2 
51.9 49.1 46.2 43.0 
18.4 21.9 25.6 29.7 
^Percentages computed from data in Food and Life, U.S.i!).A. Yearbook, 1939. Original, VTamer, K* 
et al. Cutting yields of ho^^s an index of fatness. Jour. Age, iies. 48: 241-255, illus., 1934. 
^Percentages computed from data in American Ifeat Institute Uul. lfi}-674, Uimeo., 1943. 
^Based on Hiankins and Hiner op. cit. Does not include breeding herd* 
Table 10 
Two nay* of Uaasviring Oitput per 100 Feed Iftiits for the 
Usual Slaughter Weights 
(Com Belt Conditions, Includes Breeding Bard) 
Item 
Data for Barrows and 01Its Weighing 
150 175 200 225 250 275 500 
1. Riysical ooraposition basis i 
Separable fat 
Separable lean 
2. Standardised pork nethodt 
Standardized pork 
Rjunds Founds Pounds Pounds Pounds Founds Pounds 
6.9 
6.7 
11.1 
Residual fat, lard equivalent 1.9 
7.2 
6.7 
10.9 
2.4 
7.6 
6.6 
8.0 
6.4 
10.6 10.1 
S.O S.6 
5.5 
6.2 
9.6 
4.S 
8.7 
6.0 
9.0 
5.0 
9.0 
5.8 
6.9 
5.8 
Tkble 11 
Ou'^ut of Standardised Pork and Residiial Fat for Tariooa 
Live Heights per 100 Feed Qhits. Com Belt Conditional 
Includes Breeding Herd 
t Data for Barrowrs and Gilts Weighing 
* 150 ' 175 * 200 ' 225 * 250 * 275 * 300 
t t t t I t t 
Pounds Pounds PoTinds Pounds Pounds Pounds Pounds 
ATsrage t 
Standardised pork 11.1 10.9 10.6 10.1 9.6 9.0 8.5 
Residual fat, lard equivalent 1.9 2.4 3.0 3.6 4.3 5.0 5.8 
Total 15.0 15.3 13.6 15.7 13.9 14.0 14.1 
Additional 
Standardised pork 9.6 8.2 6.5 4.9 3.1 1.4 
Residual fat, lard equivalent 5.6 7.5 8.9 10.5 12.0 13.4 
Total 15.2 15.5 15.4 15.4 15.1 14.8 
^The additional prodvict represents the increase in product per 100 additioziad feed units for 
a change in marketing might of 25 pounds. 
Tablsa 12 and 15 
AltematlTe Quiintitiea of Standardised Poric and Residual 
Tat Obtained from the Nunber of Hogs of Various Marketing Heights That 
Can be Produced i«ith 38 Billion Feed Units (1935->59 Arerage) 
t Founds tFor 5aoh 25 lbs. Inoreasa in Marketing Weight 
pl« 
II I 
Live Weight i Feed i Humber i Poimds of t of i Ad<iitional t Loss i Lard that Seplao** 
of Barrows i Units i of t Standardised i Residual t Lard i in t One Pound 
and GiU-.B i ' Ho^a 1 Pork 1 Lcu-d 1 Equivalent 1 Pork 1 of Pork 
Bil­ Billion Billion 
Pounds lions Millions Billions Billions Pounds Pounds Pounds 
150 88.0 110.8 9.7 1.7 
.40 .16 2.6 
175 88.0 96.8 9.6 2.1 
.49 .28 1.8 
200 88.0 85.6 9.5 2.6 
.65 .58 1.6 
225 88.0 76.5 8.9 5.2 
.61 .46 1.5 
250 88.0 68.9 8.5 5.8 
.64 .55 1.2 
275 88.0 62.5 7.9 4.4 
.66 .60 1.1 
500 88.0 56.9 7.5 5.1 
Tabl* 14 
AltamatlTe Outputs of Standardized Pork and Residual Fat 
Ffora Hogs at SeTen Slaughter Heights far Four Quantities of Feed 
Data for Baurrows and Gilts .Veighizig 
Item t 
t 
Peed 
* 150 
t 
' 175 * 200 
1 
« 225 
1 
* 250 ( * 275 t * 500 ( 
Billion 
Feed Units 
Billion 
Boimcis 
Billion 
Pounds 
Billion 
Pounds 
Billion 
rounds 
Billion 
Pounds 
Billion 
Pounds 
Billion 
Pounds 
Standardised pork 
Residual fat 
) 88 9.74 
1.71 
9.58 
2.12 
9.31 
2.61 
8.93 
3.16 
8.47 
3.77 
7.94 
4.41 
7.54 
5.07 
Standardised pork 
Residual fat 
) 92 10.19 
1.79 
10.02 
2.21 
9.73 
2.73 
9.34 
3.31 
8.86 
3.94 
8.30 
4.61 
7.67 
5.30 
S tandar di sed pcH-k 
Residual fat 
j 96 10.63 
1.87 
10.46 
2.SI 
10.15 
2.85 
9.74 
3.45 
9.24 
4.11 
8.66 
4.81 
8.01 
5.53 
Standardised pork 
Residual fat 
^ 100 11.07 
1.97 
10.89 
2.41 
10.58 
2.96 
10.15 
3.59 
9.63 
4.26 
9.02 
5.01 
8.54 
5.78 
Tfebla 15 
AlternatiTe Outputs of Standardised Pork and Eesidual Flat 
Ftron Hogs at Seven Slataghter Heights for Pour Quantities of Peed 
' ' Data for Barrows and Gilts Weighing 
Ites t Peed « 150 « 175 « 200 * 226 * 260 * 275 * 500 
t t t t t t t t 
Billion Billion Billion Billion Billion Billion Billion Billion 
Feed Uhits Poimds Pounds Pounds Pounds Pounds Pounds Pounds 
Standardized pork ) 88 9.74 S.58 9.31 8.93 8.47 7.94 7.54 
Residual fat 1.71 2.12 2.61 3.16 3.77 4.41 5.07 
Standardized pork ) 108 11.96 11.76 11.42 10.96 10.40 9.74 9.01 
Residual fat ) 2.10 2.60 S.20 5.88 4.62 5.41 6.22 
Standardized pork ) 128 14.17 13.94 13.54 12.99 12.32 11.54 10.68 
Residual fat ) 2.49 S.08 5.79 4.60 5.48 6.41 7.57 
Standardized pork } 148 16.59 16.12 15.65 15.02 14.25 13.55 12.54 
Residual fat ) 2.88 S.&6 4.99 5.52 6.54 7.41 8.52 
